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SUMMARY 
The reproductive biology of the greater glider, 
Schoinobates volans, was studied from samples shot during the 
breeding seasons of 1967, 1968 and 1969 at Bondo and Wee Jasper 
forestry areas near Tumut, N.S.W. Some animals were caught 
during December 1968 and January 1969 and formed the nucleus 
of the captive colony which was studied throughout the 1969 
breeding season. 
The breeding activity of mature females was high in 
undisturbed areas, 93% in 1968 and 84% in 1969, and low in the 
1967 area (44%) where some shooting had been carried out during 
1966. The suggestion by Tyndale-Biscoe and Bancroft 
(unpublished) that this disturbance had led to the suppression 
of breeding activity during 1967 was supported by the results 
obtained in 1968 and 1969. 
Schoinobates is monovular, and the corpus luteum of 
pregnancy reaches its maximum size during the early stages of 
gestation and is undergoing degenerative changes at the time 
of parturition. Its regression during lactation i s rapid. 
The luteal phase of the uterus persists throughout gestation 
and it is suggested that the gestation period is shorter than 
the oestrous cycle. Post-partum ovulation and delayed 
implantation did not occur. 
The perinatal mortality is estimated at about 7%. 
Daily vaginal smearing of the captive females was 
V 
carried out during the 1969 breeding season. They showed no 
evidence of breeding activity and the length of the oestrous 
cycle was not determined. 
in captivity. 
Male gliders produced spermatozoa 
The anatomy and histology of the anal glands, from 
a breeding and non-breeding season sample, i s described. Male 
gliders have significantly heavier glands than females. 
The embryology of the glider was studied from a series 
of embryos ranging from a two-celled ovum to a near term foetus. 
It is suggested that the rate of development is approximately 
the same as in Didelphis marsupialis virginiana and Trichosurus 
vulpecula, a lthough the number of stages of!, vulpecula that 
are strictly comparable i s limited. The placenta of Schoinobates 
is of the yolk-sac type (chorio-vitelline) in which the allantois 
does not reach the chorion. The apposition of foetal and 
maternal tissue in the most advanced embryo is tightest in the 
vascular omphalopleure near the sinus terminalis. 
The smallest pouch young shows the precocious 
development of a number of anatomical features commonly found in 
most other neonatal marsupials. The gonad is first recognizable 
as a developing testis in a pouch young of H.L. 8.5 mm. The 
ovary and pouch are first recognizable in a yo ung of H.L. 9,3 mm, 
and the scrotum is differentiated in a young of H.L. 11.1 mm. 
The relationships of the mesonephros and metanephros are discussed. 
The perinatal sex ratio is 1 :1. 
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Chapter 1. INTRODUCTION 
Schoinobates volans, the greater glider, is the largest 
of the gliding marsupials, a nd is also distinguished from the other 
gliders by having the gliding membrane attached to the elbow of 
the forearm instead of to the outer digit of the manus. Its 
usual habitat is wet sclerophyll forests, but it also extends into 
the mountainous dry sclerophyll forests of the western slopes of 
the Great Dividing Range. Its distribution is along the coastal 
highlands of eastern Australia from Gippsland in Victoria to as 
far north as Cairns in Queensland (Troughton, 1957), and it does 
not extend into Tasmania, South Australia or Western Australia. 
It is proposed to use the following classification of 
Ride (1970) in discussing the relationships of Schoinobates volans 
to other marsupials. 
Phalangeridae (all non-gliders) e.g. Trichosurus; 
Petauridae (non-gliders) e.g . Pseudocheirus and Gymnobelideus, 
(gliders) Schoinobates and Petaurus; 
Burramyidae (non-gliders) e.g. Cercartetus, (glider) Acrobates; 
Tarsipedidae (non-glider) Tarsipes. 
According to this classification, the "possums" are distributed 
amongst four families. Gliding specializations have evolved in 
two of them and independently in two lines in the Petauridae, s o 
each of the genera of gliding possums is more closely related to 
a non-glidi ng possum than it is to other gliding genera. 
Similar cranial features and the herbivorous dentition 
2. 
of Schoinobates indicate that it is de s cended from the l eaf-eating 
ringtail possum group, and is accordingly more closely related 
to Pseudocheirus than to the insectivorous-herbivorous 
Burramyidae. Cytological (Agar, 1923; Sharman, 1961a) and 
serological studies (Kirsch, 1968) support the taxonomic 
relationships proposed on dental and cranial featureso 
There has been very little research into the 
reproductive biology of the other gliders, Petaurus and Acrobates. 
Reproduction in natural populations of Pseudocheirus peregrinus 
has been studied by Thomson and Owen (1963, 1964) and by Hughes, 
Thomson and Owen (1965). Brief observations on reproductive 
biology have been recorded for Petaurus breviceps (Wakefield, 
1961), Petaurus breviceps papuanus (Schultze-Westrum, 1965), 
Gymnobelideus leadbeateri (Ride, 1970), and in the Burramyidae 
on Cercartetus concinnus (Bowley, 1939; Clark, 1967). In the 
other closely related family, the Phalangeridae, the reproductive 
biology of Trichosurus vulpecula is known in considerable detail 
(Tyndale-Biscoe, 1955; Lyne, Pilton and Sharman, 1959; Sharman, 
1959, 1961b, 1962; Pilton and Sharman, 1962; Smith, Brown and 
Frith, 1969), and very little is known about the other genera. 
Schoinobates, like the other gliders, is adapted to 
a life in the tree-tops, and, as far as i s known, it is strictly 
a herbivore. Examination of stomach contents shows a mass of 
finely masticated vegetable material and no sclerotized arthropod 
material. Thomson and Owen (1963) state that the r i ngtail 
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possum, f. peregrinus, is a strict vegetarian, feeding on the 
leaves, shoots and berries of a variety of shrubs and also on the 
foliage of Eucalyptus. The greater glider feeds almost 
exclusively on Eucalyptus leaves, but it is known to eat other 
leaves. Troughton (1957) recorded that Schoinobates was found 
eating Casuarina foliage in the Myall Lakes district in N.S.W. 
A variety of other foliage was offered to the animals in the 
captive colony of this study, but it was not eaten (see Chapter 2). 
The other gliding possums that have been studied in sufficient 
detail are not strictly herbivorous. 
The greater glider is a shy, chiefly non-vocal, 
nocturnal animal, which spends the day in tree hollows, usually 
alone or more rarely in pairs. In the Bonda area near Tumut, 
N.S.W., where we have been investigating their biology, the 
density is about one animal to 1g2 hectares(= 3 acres) (Smith, 
1969; Tyndale-Biscoe and Smith, 1969a). It is also known that 
the adult sex ratio is strongly biased in favour of females, a 
consistent ratio of 3:2 having been found over the last seven 
years. An adult sex ratio biased in favour of females was found 
from a sample taken in Queensland during 1969 (Tyndale-Biscoe and 
Bancroft, unpublished). 
Tyndale-Biscoe and Smith (1969a) proposed that a male-
specific mortality acted at the time the young leave the mother's 
pouch and that this mortality might be influenced by the proximity 
of adult malesg However, a nearest neighbour analysis by the 
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method of Clark and Evans (1954) showed that there was no 
difference in the sex ratio of juveniles nearer adult males and 
those found further away. They also found that the gliders 
were distributed in the area in a closer than random manner, and 
suggested that the secretion from the anal glands, which are 
well developed in both sexes, may have been important in 
maintaining a minimum proximity between the adults of both sexes. 
Anal glands were collected from a breeding and non-breeding 
season sample, and their anatomy and histology was examined. 
Smith (1969) has shown that spermatozoa are produced 
in the testes only from mid-February until mid-June, that breeding 
occurs from April to June, and that only one young is produced. 
The females are polyoestrous and monovular, but probably have 
only two oestrQls cycles in one breeding season. Smith was not 
able to collect large samples during the breeding season and 
found for the summer samples for the years 1963-65 that only 
60-75% of mature females showed breeding activity. 
From the summer samples alone it is not possible to 
determine whether the non-breeding females had been in anoestrus 
throughout the breeding season, had failed to conceive, or had 
lost their young in the earlier months of the year and had 
subsequently regressed to an anoestrous condition. 
In all the samples collected by Tyndale-Biscoe and 
Smith (1969a), the number of breeding females was approximately 
equal to the number of mature males, despite the fact that the 
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sex ratio of the mature animals is strongly biased towards the 
females. The data collected up to 1967 suggested that the full 
breeding potential of the females is never realized through the 
action of some unknown behavioural feature, possibly linked to 
the number of mature males in the population. It was suggested 
that the males may have been monogamous, but no direct 
observations of breeding behaviour were made. 
The data collected by Smith (1969) and Tyndale-Biscoe 
and Smith (1969a,b) raised the question of how many females do 
actually show breeding activity during the breeding season. 
Since 1966 permission was granted to shoot large samples in the 
areas which were to be cleared of native forest during the coming 
summer, and it is the analysis of the breeding-season samples for 
1967, 1968 and 1969 that forms the major part of this thesis. 
The collection of large samples has allowed a detailed 
investigation of the changes in the ovaries and uteri of pregnant 
and lactating animals as well as of non-breeders. The embryos 
from the pregnant females have also been studied i considerable 
detail. 
Another aim of the study was to establish the length 
of the oestrous cycle and gestation period by keeping animals in 
captivity. However, the captive colony failed to thrive and 
the females did not show any evidence of breeding activity, 
although the males produced viable spermatozoa. 
Since the mature sex ratio departs very significantly 
and constantly from parity, it was desirable to investigate the 
perinatal sex ratio in more detail than had previously been done. 
Smith (1969) collected 15 perinatal animals and found that the 
sex ratio was approximately 1 :1, and this study reports the 
results found from a much larger sample. 
To summarize, this thesis gives the results obtained 
from a study of the greater glider on the following topics: 
1. The number of females showing breeding activity during the 
breeding seasons of 1967, 1968 and 1969, and the relation-
ships between the ovary and the uterus during this period . 
2o Experience with males and females kept in captivity during 
the 1968 breeding season . 
3. The anatomy and histology of anal glands collected during 
a breeding and a non-breeding season. 
4. Embryology and placentation. 
5. Studies of the perinatal young, early development of the 
reproductive organs, and the perinatal sex ratio. 
7. 
Chapter 2. MATERIAL AND METHODS 
The animal s used in thi s study were obtained from 
the Bondo and Wee Jasper for e stry areas near Tumut, N.S.W. 
Here the habitat of the glider i s a wet sclerophyll forest with 
Eucalyptus dalrympleana, E. robertsoni and E. pauciflora a s the 
dominant trees. 
A total of 157 females, 98 males and 50 pouch young 
have been s tudied from the samples shot during the breeding 
seasons (April to June) of 1967, 1968 and 1969. A sample of 
11 males and 22 females was shot in the Bondo area during the 
non-breeding season (November, 1968). During the clear-felling 
operations at Bondo in December 1968 and January 1969, 21 females 
and five males were caught and transported to the Depa rtment of 
Zoology, Australian National University, Canberra. Five of the 
female s were carrying pouch young and six others showed evidence 
of having bred during the preceding breeding season. 
a) FIELD PROCEDURES 
Animals were located with a spotlight, and every animal 
was shot. The animals were dissected within a few minutes of 
falling to the ground, and all hi s tological material was 
preserved immediately in 10% formol saline. Field observations 
included date of collection, body weight to the nearest 25 grams 
(using an Ohaus spring balance), sex, and occurrence of pouch 
young. 
The width of the scrotum of the males of the 1969 sample 
8. 
was measured to the nearest 0.1 mm with vernier calipers, and 
the testes of the 1968 sample were preserved. The whole 
reproductive tract of the females was preserved, and the condition 
of the pouch and teats was recorded. The pouch was classified 
as small, medium, or large, and the teats were classified as 
short, lactating, or elongate (but not lactating). Theanal 
glands were preserved from the 1968 samples. 
b) LABORATORY PROCEDURES 
The reproductive organs, anal glands, and pouch young 
were all weighed after fixation. All weighing was done on a 
Sartorius balance after excess fixative had been blotted. 
The ovaries were dissected away from the bursa, and 
the uteri were separated and cut off at the posterior end at the 
narrowest point immediately anterior to where the lateral vaginal 
enlargement begins. The utero-tubal junction was used as the 
anterior cut-off point. This junction is indistinct, and some 
errors may have occurred here. The testis was separated from 
the epididymis before weighing. The extraneous tissue was 
removed from the anal glands before they were weighed. The head 
length of the pouch young was measured to 0 . 1 mm with vernier 
calipers, and those with a head length more than 9o5 mm were 
sexed . In those which could not be sexed externally the gonadal 
region was serially sectioned . 
Histological material was dehydrated, embedded in 
paraffin wax, and sectioned at 7 or 8µ on a Reichert microtome. 
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Routine staining was wi th Ehrlich's haemat oxylin and eo s in. 
Measurement s of the diameters of follicles and corpora 
lutea of ovaries from the 1967 and 1968 samples were carried out, 
using a Zeiss inverted microscope with an illuminated ground-glass 
screen attached, vernier calipers being used to measure the 
diameter of the specimen projected on the screen. A Leitz 
high-power binocular microscope was u s ed to determine the sections 
on which the follicles or corpora lutea began and ended. The 
number of sections in between was counted and two diameters at 
right angles to one another on the middle section were measured. 
Knowing the thickness of the sections and the number of sections, 
a third estimate of the diameter was obtained. The final 
estimate was the mean of the three readings. The Graafian 
follicles were measured from the first to last appearance of 
membrana granulosa cells, and the corpora lutea from first to last 
appearance of luteal cells. 
The diameters of the corpora lutea of the 1969 ovaries 
h ave only been measured approximately. These ovaries were sliced 
in two, as n e ar to the middle of the corpus luteum as possible, 
and two diameters (at right angles to one another) of the cut face 
were measured with an eye-piece micrometer under a Zeiss 
dissecting microscope. The average of these two measurements 
was taken as the approximate diameter of the corpus luteum. 
The actual diameter of follicles less than 2.0 mm has 
not been measured. These follicles were assigned to one of 
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three classes: less than 1o0 mm; 1.1-1.5 mm; and 1.6-2.0 mm in 
diameter. Counting of the follicles was done by making several 
tracings of the image produced on the screen. Counts of the 
numbers of normal and degenerating follicles were made for the 
non-breeders of each year and for the breeders of 1968 in females 
weighing more than 1000 g. Follicular activity was investigated 
in a similar manner for some females weighing 1000 g or less (see 
Table 5). 
Vaginal smears were taken with the animal held on its 
left side . A tapered glass speculum 70 mm long, 5 mm in diameter 
at the large end and 4 mm in diameter at the smaller end was 
inserted into the urogenital sinus. A 5-ml hypodermic syringe 
and No. 18 needle, covered to beyond the point with polythene 
transfusion tubing, were used to extract material from the region 
of the posterior vaginal sinus. The syringe was moistened with 
0.85% physiological saline and was inserted through the speculum . 
The smear was expressed on to a slide and allowed to dry at room 
temperature, then fixed with absolute methanol and stained with 
Giemsa. 
c) CAGED ANIMALS 
The animals were housed in five covered wire pens 
measuring 2.5 x 2.0 x 1.25 m. A wooden box 0.3 x 0.3 x 0.5 m 
was divided into two smaller nest boxes, each with a circular 
entrance of 80 mm diamet er in the side. The nest boxes were 
placed 1.5 m from the cement floor, and the number available in 
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each pen was always equal to or greater than the number of 
animals in that pen. One side of the nest box was covered by 
a piece of heavy sack to facilitate catching the females for 
daily smearing. Small dry twigs and leaves of Eucalyptus were 
provided in the bottom of the box, and a long limb was suspended 
across the top of the pen for the animals to climb on. The 
floor of the pen was swept or washed out daily or every alternate 
day. 
The animals carried a large number of mites when they 
were caught. These were controlled with a single dusting of 
Derris dust on 30 January. One animal was dusted with Gammexane . 
The animals were supplied with growing shoots of 
various species of Eucalyptus (pauciflora, robertsoni, blakelyi, 
macrorhyncra.and dalrympleana), always including at least one 
of the species which occurred in their natural habitat. Fresh 
foliage was collected each week and stored in plas tic bags at 
4°C. During the early part of the study the branches were 
placed on the nest boxes and along the walls of the pen. Later 
they were placed upright in a container of water on the floor so 
that they would remain fresher for a longer period. The l e aves 
were replaced each day, and apples and carrots were offered daily, 
together with a mixture of honey and water . Soya- bean flour and 
skim-milk powder were also mixed with the honey and water . Water 
was supplied ad libitum. 
A variety of other food items was offered throughout 
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the study period. These included live cockroaches and mealworms, 
wattle l e aves (Acacia sp.), cabbage, lettuce, oat seeds, sunflower 
seeds, and pellets of rabbit food. * A gruel of minced meat, 
skim-milk powder, rabbit pellets, and sunflower seeds was 
provided, as was "Krawaite". This compound was a mixture of 
"Krayeast", skim-milk powder, honey or sugar and water, and it 
was supplied by the Commercial Apiarists' Association of N.S.W. 
One or two drops of a vitamin mixture, "Pentavite", 
per animal was given by forced feeding with a pipette. The 
animals were weighed on an Ohaus spring balance (see Figs. 2, 3 
and 4 for details of "Pentavite" feeding and weighing). 
On 18 January a hessian screen reaching from the top 
of the pens to the floor was placed on the outside of the pens. 
Water from a hose (perforated at Oo3 m intervals) in the top of 
the hessian was allowed to run gently, so that the screen was 
always wet. 
more humid. 
This arrangement made the surroundings cooler and 
At night the screen helped to block out the light 
from the footpath and park lighting systems. The cooling system 
was used until the weather became cooler in early April. 
Three of the males died during February and one in 
March, and three females died between December and February. 
Six females and four pouch young escaped, and one pouch young was 
released in January. Daily vaginal smearing began on 7 March 
1969, using 12 females. 
*Supplied by DoH.A. Rural Division, Sydney. 
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Chapter 3. THE BREEDING SEASON IN NATURAL POPULATIONS 
a) INTRODUCTION 
The anatomy of the male and female reproductive systems 
has been described by Smith (1969). It i s known that sperm 
are produced in the testes from mid-February until mid-June, 
tha t breedi ng occurs from April to June, and that a single young 
is produced. The females may have more than one oestrous cycle, 
and no evidence for delayed implantation has been found (Smith, 
1969) . The present study was concerned almost exclusively 
with reproduction in the female. 
No criteria for age determination of any gliders h ave 
been developed. The annual progeny become independent in about 
January of the year following their birth, when their body weight 
is approximately 600 grams. Smith (1969) and Tyndale-Bi s coe and 
Smith (1969a) have stated that sexual maturity is attained during 
the second year, when the body weight i s more than one kilogr~m. 
The present study has shown that sexual maturity in the female 
may be attained at a body weight of less than one kilogram, and 
that these females may be only one year old or even less. 
b) GENERAL RESULTS 
Shooting of every animal seen was carried out in three 
breeding seasons. In 1967 shooting began on 28 March and was 
continued until 27 June, 11 samples being taken. In 1968 
shooting began on 1 May and ten samples were taken up to 19 June. 
Very few animals in late pregnancy were obtained during these two 
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breeding seasons, so two samples were shot on 28 and 30 April 
1969. 
A series of body-weight classes was constructed for 
the classification of the samples, because of the variation in 
the time of attainment of sexual maturity. Table 1 gives the 
number of females taken during the three yearsf study, and 
Table 2 the number of males. 
TABLE 1 
Number of females of different weight classes 
obtained in the three samples. 
BODY-WEIGHT CLASSES (g) 
YEAR TOTAL 
< 800 801-900 901-1000 > 1000 
1967 5 2 8 45 60 
1968 6 1 8 41 56 
1969 3 1 2 37 43 
TOTAL 14 4 18 123 159 
YEAR 
1967 
1968 
1969 
TOTAL 
1 5. 
TABLE 2 
Number of males of different weight classes 
obtained in the three samples 
BODY-WEIGHT CLASSES (g) 
< 800 801-900 901-1000 ) 1000 
9 4 0 30 
4 2 2 16 
4 3 2 22 
17 9 4 68 
TOTAL 
43 
24 
31 
98 
The numbers in the lighter classes were small, and the 
information obtained did not warrant separating them . 
Accordingly it is proposed to u se only two classes, animals 
weighing more than 1000 g and animals weighing up to 1000 g, in 
presenting the results that follow . The details of all shot 
animals and the pouch young from femal es of all weight classes 
are given in Appendix A, and the histology of the ovaries and 
pregnant uteri is described later in this Chapter. 
Smith (1969) reported that an indirect indication of 
testis weight could be obtained by measuring the width of the 
scrotum . He found that there was a positive correlation between 
fixed testis weight and scrotum width, where the scrotum width 
was more than 5 mmo Accordingly, scrotum width or testis weight, 
but not both, was recorded in the present series,and the findings 
I 
I 
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are listed in Appendix A. The results indicated that all 
would have been producing spermatozoa. 
Females weighing more than 1000 g 
Major emphasis was placed on the analysis of the 
reproductive condition of the females belonging to thi s class 
(Table 3), because it provided the majority of sexually mature 
animals in the population. In the 1967 sample, all the females 
(37) which did not have pouch young had the ovaries serially 
sectioned and the diameter of all the corpora lutea found was 
measured (mean of three readings). In the 1968 sample, all the 
ovaries (42) were serially sectioned, and the diameters of the 
corpora lutea were measured. In the 1969 sample, all the 
females (six) which did not have a pouch young or a corpus luteum 
of macroscopic size had the ovaries serially sectioned to 
determine if a corpus luteum was present. 
The presence or absence of a corpus luteum was the 
criterion u sed for classifying females into breeding and non-
breeding. A female was classified as a breeder if there was a 
corpus luteum on the ovary, even though a blastocyst or embryo 
was not found in the uterus. By the u s e of this criterion it 
is possible to show that the females wi th a corpus luteum were 
going through oestrous cycles, despite the fact that some of 
them may have failed to conceive or ha d lost their embryo in 
some way or another. 
Thi s criterion is different from the one used by 
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Tyndale-Biscoe and Smith (1969a). Their samples were 
collected in various months during 1963-67, and they classified 
a female as a breeder if she was carrying a pouch young, 
lactating, or had an enlarged pouch and elongated teat. 
TABLE 3 
Breeding activity in females weighing more 
than 1000 g 
WITH C.L. * 
YEAR WITH P. Y .t PREGNANT 
1967 8 6 
1968 26 7 
1969 14 11 
TOTAL 48 24 
*C .L. = Corpus luteum 
tP 0 Y. = Pouch young 
NO EMBRYO 
OR P.Y. 
6 
5 
6 
17 
WITHOUT C.L. 
25 
3 
6 
34 
TOTAL 
45 
41 
37 
123 
From Table 3 it can be seen that in 1968 and 1969 
93% and 84% respectively showed evidence of breeding, whereas 
in 1967 only 44% were breeding. The results for 1967 are so 
different from those of 1968 and 1969 that a detailed analysis 
of the follicular activity of the 1967 ovaries was warranted. 
Smith (1969) found that the increase in ovarian weight during 
the breeding season was due to increased follicle size, that is, 
females that were going through oestrous cycles with normal 
' 
I 
I 
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growing Graafian follicles would have ovaries heavier than those 
which were not going through oestrous cycleso 
A positive correlation of r = 0.75 was found to exist 
between the total ovarian and total uterine weights for 115 pairs 
of observations (81 breeders and 34 non-breeders from the three 
sample s), so that an analysis of total ovarian weight could 
possibly give an indication of why there were so many non-
breeders in 1967. 
Table 4 gives the mean total ovarian weight for 
breeders and non-breeders with the standard deviation and the 
numbers in the samples . A "t" test between the means of the 
breeders and non-breeders of 1967 shows that there is no 
significant difference (at 5% level of significance ), whereas 
a "t" test between the means for the breeders and non-breeders 
of 1969 is significant at the 5% level. If the mean of the 
breeders for all years is compared with the mean of the non-
breeders for all years it is found that there is no significant 
difference, and there is also no difference b etween the means 
of the non-breeders of 1967 and the mean of the non-breeders 
of 1968 and 1969 combined. 
19. 
TABLE 4 
Mean total ovarian weight (mg), the standard deviation 
and number of animals in each sample for females weighing 
more than 1000 g. 
YEAR BREEDERS NON-BREEDERS 
Ovarian Wtom!? Number Ovarian Wt.mg Number 
1967 51.4 ± 23.4 1 3 41 .. 4 ± 14.1 25 
1968 70 .1 ± 31 0 5 37 54.0 ± 2601 3 
1969 87.2 ± 28.7 31 51o0 ± 19.7 6 
TOTAL 
NUMBER 81 34 
The histology of the non-breederst ovaries for all 
years is in agreement with the findings of this last statistical 
test, i.e. no gross differences could be detected, except for 
female 68/13 (see later). The ovaries of the non-breeders of 
1967 showed mitotic activity in the granulosa cells, but 72% 
of them had only small follicles (less than 1.0 mm in diameter) 
in their ovaries. Six of the remaining seven animals had small 
follicles plus one to four measuring 1o0-1o5 mm in diameter. 
The seventh animal (67/52) had small follicles plus two 
measuring 1.0-1.5 mm and one at 2.0-205 mm. The length of the 
oestrous cycle of the glider is not known, and the largest 
Graafian follicle observed in this study was 3.5 mm in diameter. 
Thus, it appears that none of the 1967 non-breeders was nearing 
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ovulation, although they might have done so later in the season. 
More than half of these non-breeders were shot during the latter 
half of the breeding season, and this fact, combined with their 
small uteri, adds weight to the suggestion that they probably 
were not going through oestrous cycles (see Appendix A for 
details of the uterine weights)o 
One of the three non-breeders of 1968 (68 / 13) was 
judged to be in pro-oestrus by the size of the Gr aafian fol licle 
(3.5 mm in diam.). The remaining non-breeders of 1968 had 
small follicles in their ovaries. Of the six non-breeders in 
1969, three had follicles less than 1.0 mm in diameter and the 
remainder all had two to four follicles 1.0-1.5 mm in diameter 
as well as some small ones. These non-breeders of 1969 were 
all shot during the early part of the breeding season . In the 
mature but non-breeding females of 1967 32% had both small 
pouches and short teats. In 1968, one of the three non-
breeders, and in 1969, one of the six non-breeders, had this 
combination of external characters. A breeding female usually 
has a large pouch, i.e. more than 35 mm in depth, and teats 
that have been lactating earlier in the breeding season (and 
sometimes even the previous breeding season ) are elongated. 
Females of weight group 1000 g or less 
In this group only some of the ovaries have been 
serially sectioned, and breeding activity was assessed according 
to whether the female was carrying a pouch young or was 
macroscopically pregnant. In addition, the weights of the 
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ovaries and uteri and the condition of the pouch and teats were 
used as supporting evidence. 
According to these criteria three females were breeding. 
Female 67/75 weighed 1000 g and had a female young, while female 
68/35 weighed 975 g and had one of the smallest pouch young 
(H.L. 5.8 mm) collected during this study . Female 67/44 weighed 
850 g and had an advanced embryo in the right uterus. The 
ovaries of these three females were serially sectioned and the 
diameters of the corpora lutea were measured. 
Ovarian activity has also been investigated fully in a 
series of animals from the smallest female up to the top of this 
weight group. The animals used in this investigation are listed 
in Table 5, where the follicular size is recorded. The table 
shows that none of them had Graafian follicles approaching 
maturity, and their uterine weights were correspondingly low, as 
was the case in the majority of the other females in this category. 
One of the latter (68/10, weighing 925 g), however, was exceptional 
in that she may have been going through an oestrous cycle. The 
largest follicle in the left ovary, which was only examined 
superficially, was approximately 300-3.5 mm in diameter, and the 
uteri weighed 406 mg compared with the uterine weight of 326 mg 
in 68/13 which was judged to have been in pro-oestruso 
' .. 
Number 
68/ 30 
68/38 
68/5 
68/69 
68/24 
67/21 
67/92 
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TABLE 5 
Ovarian activity of females 1000 g or less 
Body Wt. 
g 
600 
700 
800 
900 
1000 
1000 
1000 
Ovarian condition 
One Graafian follicle, 0.5-1.0 mm in 
diameter 
No Graafian follicles 
17 Graafian follicles, Oo5-1o0 mm in 
diameter 
Six Graafian follicles, Oo5-1 . 0 mm in 
diameter 
No Graafian follicles, 14 degenerating 
follicles Oo5-1o0 mm in diameter 
Three Graafian follicles, Oo5-1.0 mm in 
diameter, and nine degenerating 
follicles Oo5-1.0 mm in diameter 
Four Graafian follicles, 0.5-1o0 mm in 
diameter, and ten degenerating 
follicles 0.5-1o0 mm in diameter 
Of the 1967 females showing no breeding activity six 
had both small pouches and short teats. Unfortunately, five of 
the remaining seven non-breeders did not have the condition of the 
pouch and teats recorded. In 1968 11 out of the 13 females 
showing no breeding activity had both small pouches and short teats, 
while in 1969 all of the non-breeders had this combination of 
external characters. 
., 
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c) OVARY 
The diameter of the oocyte of female 68/13, considered 
to be at pro-oestrus, was 150µ in a Graafian follicle measuring 
3.5 mm diameter. Measurement s of oocytes from other follicles 
suggests that the oocyte reaches its maximum diameter soon after 
antrum formation, which occurs when the follicle is Oo5-1o0 mm 
in diameter; for example, a follicle 0.5 mm in diameter with an 
antrum had an oocyte of 140µ diameter. The theca, which does 
not differentiate into an interna and an externa, reaches its 
maximum size when the diameter of the follicle i s about 1 .O mm. 
It is only one or two cells thick when the follicle is mature, 
and disappears altogether after rupture and the beginning of the 
formation of the corpus luteum. The time at which the maturation 
divisions occurred was not determined, and at no stage was a 
corona radiata seen . 
Follicular atresia 
Atresia occurred at all stages of follicular growth in 
pregnant, lactating, and non-breeding females. A small amount 
of atresia was seen in the primary follicles, but most occurred 
after antrum f ormation. In a follicle which is going to become 
atretic the degenerative changes appear to begin in the membrana 
granulosa cells . Their cell boundaries disappear, they become 
irregularly arranged, and their nuclei often touch each other . 
Polymorphonuclear leucocytes appear in the antrum, together with 
granu losa cells which have become detached. A few mitoses have 
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been seen in the thecal cells at this s tage. 
fluid becomes condensed. 
The follicular 
Degenerative changes in the nucleus of the ovum were 
difficult to see, but must have been taking place. Few 
degenerating nuclei were seen in atretic follicles, and it may 
be that their degeneration was complete before the more p rominent 
changes in the membrana granulosa became apparent (Plate 1, Fig. 1). 
Hypertrophy and some hyperplasia of the thecal cells results in 
the old antrum becoming filled with them . The zona pellucida, 
which becomes crumpled, persists until late in the atretic process. 
Connective-tissue strands are interwoven with thecal cells, and 
they usually form a small solid clump in the area previously 
occupied by the ovum. 
Atresia of large Graafian follicles was not observed . 
The largest atretic follicle seen was 1 .5 mm in diameter, which 
is approximately half way through the maturation process. It 
had no membrana granulosa, condensed follicular fluid, and an 
incomplete thecal layer of one to two cells deep. Presumably 
the ensuing degenerative processes are the same as occur in the 
smaller follicles . 
The atretic processes seen in the glider ovary are 
essentially the same as have been observed in other marsupials 
and placental mammals (Brambell, 1956), and which lead to the 
formation of corpora lutea atretica . A conspicuous microscopic 
feature of many of the glider ovaries was the large number of 
IV /:E-1~ Ti 1, 
PLATE 1 
Fig. 1. Section of an atretic follicle (corpus luteum 
atreticum). Mag. 64X. 
Fig. 2. Section of an ovary showing a number of small 
atretic follicles. Mag. 64X. 
Fig. 3. Section of the ovary of female Number 67/10 
showing several large areas of interstitial 
tis s ue. Mag. 64X. 
Fig. 4. Section of same ovary showing small lobules of 
interstitial tissue. Mag. 64X. 
dn degenerate nucleus 
atf atretic follicles 
it interstitial tissue 
zp zona pellucida 
T thecal cells 
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Figure 1 
The diameter of the corpus luteum plotted 
against the si ze of the embryo and pouch young . 
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small corpora lutea atretica less than 1.0 mm in diameter 
(Plate 1, Fig. 2). 
No large corpora lutea atretica have been seen, which 
suggests that only one follicle develops past about 1o5 mm in 
diameter. After ovulation and formation of the corpus luteum 
all the follicles in both ovaries degenerate (Smith, 1969). 
This feature has been recorded for!• vulpecula (Pilton and 
Sharman, 1962) and Didelphis marsupialis virginiana (Hartman, 
1923). The corpus luteum formed after ovulation but not 
fertilization has not been observed. Pilton and Sharman (1962) 
have reported that there is no histological difference between 
the corpus luteum of pregnancy and that of non-pregnancy in 
!o vulpecula. 
Interstitial Tissue 
Interstitial tissue was present in varying amounts in 
nearly all the ovaries examined, but it never occurred over large 
areas. The largest found was in female 67/10 and is shown in 
Plate 1, Figs. 3 9 4 . It usually formed lobules, but in some animals 
there appeared to be only two or three cells together. It was 
most frequently seen in the medulla or in the junction area 
between medulla and cortex. The nuclei were spherical and 
occupied most of the cell (Plate 1, Fig. 3). Cyclical changes 
in the amount of interstitial tissue have been observed in a 
number of mammals, and many suggestions have been made about the 
mode of origin of interstitial tissue (Brambell, 1956), but no 
26. 
general agreement has yet been arrived at. 
cyclical pattern was seen in Schoinobates. 
No indication of a 
Interstitial tissue of the glider ovary does not appear 
to be an end product of follicular atresia. This is contrary 
to the situation found in the pocket gopher, Geomys bursarius 
(Mossman, 1937), and in the albino rat (Deane, 1952), but similar 
to the process found in~. peregrinus (Hughes et al., 1965) and 
in the rat-kangaroo Bettongia lesueur (Tyndale-Biscoe, 1968). 
O'Donoghue (1916) found the amount of interstitial tissue present 
in the ovaries of different species of marsupial was just as 
variable as in placentals. 
Corpus luteum 
Never more than one corpus luteum of the same age has 
been found in any of the ovaries examined. The incidence of 
two corpora lutea of different ages was 6% in 1967 and 15% in 
1968. As mentioned above, the ovaries of the 1969 sample were 
not examined in detail. The number of corpora lutea found in the 
three samples was 39 on the right ovary and 47 on the left ovary 
indicating that both ovaries were approximately equally functional. 
The ovaries of the closely related ringtail possum, although a 
polyovular species, have been found to be equally functional 
(Hughes et al., 1965). 
The single corpus luteum of pregnancy reaches its 
maximum size during the very early stages of gestation. Figure 
1 gives the plot of the diameter of the corpus luteum against the 
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size of the embryo from females with tiny blastocysts through 
also 
pregnancy to lactation (1968 sample). It showsAthat there is a 
rapid decline in diameter immediately after parturition. It lS 
assumed that the luteal cells of the corpus luteum arise by 
hypertrophy and perhaps some hyperplasia of the granulosa cells, 
and not from the thecal layer, since this is almost non-existent 
at the time of ovulationo This point has been discussed by 
Smith (1965, unpublished thesis material). 
The earli est stage of corpus luteum formation observed 
in this study was that of a female (67/24) with a two-celled 
ovum in the right uterus . (see Plate 2, Fig. 1). Hypertrophy of 
the membrana granulosa cells is in progress, and there is still 
a lot of follicular fluid in the old antrum. The luteal cell 
nuclei were ovoid to circular and mostly densely staining, and 
the cytoplasm was granulated and taking up little eosin. There 
were numerous vacuoles in the cytoplasm of the luteal cells, and 
no mitoses were seen in these cells. A few connective tissue 
strands had begun to infiltrate the luteal cells. 
By the time the ovum has developed to a blastocyst of 
0.5 mm in diameter (female 68/1) the luteal cells are large, with 
almost circular nuclei, and the connective tissue reticulum is 
well developed (Plate 2, Fig. 2). The cytoplasm has a granular 
appearance and contains many vacuoles. The largest corpus luteum 
observed was 4.5 mm in diameter, but only a degenerate blastocyst 
was recovered from the uterus. 
.,, 
PLATE 2 
Sections of corpora lutea at various stages 
of the reproductive cycle. Mag. 64X. 
Fig. 1. Very early pregnancy (No. 67/24). 
Fig. 2. C.L. of ovary with a unilaminar blastocyst 
in the uterus (No. 68/1). 
Fig. 3. Mid-pregnancy (No. 67/44). 
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PLATE 3 
Sections of corpora lutea at various stages 
of the reproductive cycle. Mag. 64X. 
Fig. 1. Post-partum (No. 68/4). 
Fig. 2. Lactation (No. 68/77). 
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The central cavity of the corpus luteum is usually 
filled by a small connective tissue nodule in mid-pregnancy 
(Plate 2, Fig. 3), when the luteal cells appeared to reach their 
maximum size. The nuclear and cell membranes of the luteal 
cells were very distinct and few vacuoles were seen. 
In animals immediately after parturition the corpus 
luteum showed signs of regression (Plate 3, Fig. 1). The nuclear 
and cell membranes of the luteal cells were not so sharply 
defined, and the central cavity was filled with a solid connective 
tissue nodule. As the period of lactation progressed, the luteal 
cells became shrunken, their nuclei pycnotic, and cell boundaries 
very indistinct (Plate 3, Fig. 2). 
An interesting feature of the corpus luteum is the 
persistence of a varying amount of coagulum in the central cavity. 
In one animal (68/35) this formed a large portion of the corpus 
luteum, while a smaller volume was present in 68/59 whose corpus 
luteum was showing definite degenerative signs. Persistence 
of the coagulum was not found in all the animals, and consequently 
it does not appear to be a necessary feature of corpus luteum 
formation. 
d) UTERUS 
The following descriptions of the histology of the 
uterus refer to females weighing more than 1000 g. 
The uterus under any ovary which had a corpus luteum 
has been searched for blastocysts, either in serial sections or 
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by opening it and gently agitating it in 70% alcohol to dislodge 
the blastocyst. The number of blastocysts of various stages 
recovered (six from 24 uteri) has not been high. The uteri of 
all the animals were weighed, and a series of representative 
sections from pregnant and non-pregnant animals was prepared. 
Measurements of the depth of the endometrium at various stages 
during the reproductive cycle have been made by Smith (1969). 
Proliferative phase 
One animal (68/13), as already noted, was considered 
to be in pro-oestrus. The uteri were equally enlarged, and a 
conspicuous macroscopic feature was the enlargement of the 
lateral vaginae and vaginal cul-de-sac complex. Enlargement 
of the vaginal complex at pro-oestrus has been recorded for a 
number of marsupials, including I· peregrinus (Hughes et al., 
1965) and!• vulpecula (Pilton and Sharman, 1962). 
Both uteri of 68/13 had tall columnar uterine gland 
cells, with basally situated spherical nuclei containing 
prominent nucleoli, and many showed mitotic figures (Plate 4, 
Fig. 1). The uterine glands were densely packed together in 
both uteri, and cilia were seen on some cells of the gland lumina 
and along parts of the single-cell epithelial layer of the 
uterine cavity. The outer endometrium was well supplied with 
blood vessels, and the endometrial connective tissue contained 
many small vacuoles. 
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Luteal phase 
In female 67/24 (Plate 4, Fig. 2), which had a two-
celled ovum in the right uterus, the endometrium had very densely 
packed uterine glands of similar histology to tho se de sc ribed 
above and also showing many mitotic figures. The cytoplasm in 
the peripheral portions of the uterine gland cells was 
chromophobic. The epithelium of the uterus was a single uniform 
layer of cuboidal cells with a smooth edge along the cavity. 
Intermittent cilia were seen in the lumina of the uterine glands 
and along the epithelium of the uterine cavity. The outer 
portions of the endometrium were well vascularized . The 
histological characteristics observed in the glider uteri are the 
same as tho se seen in Setonix brachyurus and lo vulpecula 
(Sharman, 1955a; Pilton and Sharman, 1962). However, no 
replacement of the epithelium of the uterine cavity was seen as 
was observed in!• vulpecula by Tyndale-Bi scoe (1955). 
Female number 68/1, which had a blastocyst Oo5 mm 
diameter in the right uterus (Plate 4, Fig. 3), presented a 
histological condition similar to 67/24. The chromophobic 
cytoplasm of the peripheral gland cells was, however, more marked. 
During the stage of mid-pregnancy the subepithelial capillaries 
become more numerous and vacuoles appear in the connective tissue 
of the endometrium (Plate 4, Fig . 4). 
During late stages of pregnancy the number of uterine 
glands is reduced, as is the depth of the endometrium. The 
PLATE 4 
Transverse section of uteri at various stages 
of the reproductive cycle. Mag. 25X. 
Fig. 1 • Proliferative phase (No. 68/13). 
Fig. 2. Luteal phase (No. 67 /24). 
Fig. 3. Luteal phase (No. 68/1). 
Fig. 4. Luteal phase, mid-pregnancy (No. 68/16). 
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PLATE 5 
Transverse section of uteri at various stages 
of the reproductive cycle. Mag. 25X. 
Fig. 1. Late pregnancy (No. 69/30). 
Fig. 2. Po st-part·um (No. 68/ 4). 
Fig. 3. Lactation (No. 68/77). 
Fig. 4o Ano estrus (No. 68/15). 
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subepithelial capillaries of the uterine lumen of the gravid 
uterus become extremely well developed. Vacuoles are numerous 
in the connective tissue of the endometrium. The epithelium of 
the uterine lumen of 69/92, which contained an embryo 5.0 mm in 
greatest length (G.L.), was composed of subcuboidal cells with 
somewhat chromophobic nuclei occupying most of the cell. 
In the near-term embryo (69/30, Plate 5, Fig. 1) there 
was a decrease in the height of the gland cells, some appeared to 
have lost their nuclei, and the cell membranes were indistinct. 
Some cytoplasmic debris was seen in the lumina of the glands. 
The peripheral portions of the endometrium still gave a negative 
reaction for basophilia, indicating that the luteal phase 
persists throughout the period of gestation. The epithelium of 
the uterine lumen of 69/30 was composed of cells of various 
shapes and the nuclei were unevenly spaced, being absent in some 
areas and forming clumps in others. 
Marked histological and macroscopic differences between 
the gravid and non-gravid uteri were not observed until the 
embryo was more than 3.0 mm G.L., and then were largely due to 
the distention caused by the embryo. In the late-stage embryos 
the yolk-sac placenta is well developed, and very close 
apposition of foetal and maternal tissues occurs in the vascular 
portion (Plate 11, Fig. 2). A description of the development 
of the placenta is given in Chapter 6. 
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Post-partum phase 
In a uterus which had been pregnant, there were few 
glands; the gland cells were still columnar, but not tall, 
their nuclei were variously shaped and situated, and the cytoplasm 
contained many vacuoles. Cell debris was seen in many lumina, 
while the connective tissue of the endometrium had many 
polymorphonuclear leucocytes scattered through it (Plate 5, Fig.~. 
The connective tissue of all of the endometrium was chromophilic. 
No cilia were seen in the lumina of the gland cells or along the 
epithelium of the uterine cavity. 
In the contralateral uterus there were more uterine 
glands, but the histologica l picture was essentially the same, 
except that some cilia were seen along the epithelium of the 
uterine cavity. 
Lactation 
The uterine gland cells were cuboidal with elongated 
nuclei, and mitoses were seen in the glands and in the uterine 
epithelium. A few cilia were detected on the gland cells and 
along the uterine epithelium. There were fewer glands present 
at this time of the cycle, and the depth of the myometrium had 
increased as compa red with the condition found in pregnant animals 
(Plate 5, Fig. 3) . The hi s tological condition of both uteri was 
the same . The outer portions of the endometrium were still well 
vascularized, but no leucocytes were seen. The epithelium of 
the uterine cavity was a single layer of cuboidal cells with 
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nuclei of various shapes, mostly cigar-shaped. 
The histological condition of the uteri did not change 
very much as lactation progressed. The most prominent change 
was a further decrease in the number of glands, a regres s ion in 
the blood supply to the endometrium, and an increase in the depth 
of the myom trium. The regression of the uteri was seen in the 
weight, which at this stage was approximately the same as that 
of the non-breeders (Appendix A)o 
Ano estrus 
The epithelium of the uterus and uterine glands was a 
single layer of cuboidal cells with elongate nuclei, and no 
mitoses were seen . Cilia were present along parts of the uterine 
epithelium and in the glands. The inner portion of the 
endometrium was poorly vascularized, but the peripheral portions 
were moderately well vascularized. The depth of the myometrium 
was very much l ess than that found during lactation, although 
the number of uterine glands was approximately the same (Plat e 5, 
Fig. 4). Both uteri of anoestrous animals presented a similar 
histological picture. 
e ) PERINATAL MORTALITY 
Th re were 17 females with a corpus luteum in the ovary 
but no embryo in the uterus or a pouch young . Six of them had 
corpora lutea of a size indicating that they should have had pouch 
young ranging from 6.0 to 11 .O mm in head length (e stimated from 
data in Fig. 1). Table 6 gives the details about the reproductive 
,. 
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organs of these animals. 
TABLE 6 
Reproductive condition of six females suspected of 
having lost their offspring prematurely. Pouch: L = large; 
S = small. Teats: E = elongated (but not lactating); 
S = short. 
Number Body Total C.L.Diam. Total Pouch Teats 
Wt. Ovarian mm Uterine 
g Wt.mg Wt.mg 
67/27 1200 - 2.,0 459 L E 
67/59 1225 104 1.8 435 L E 
68/52 1350 102 1.9 498 L 
68/57 1075 117 2.,0 210 L s 
69/8 1125 33 1. 7 509 s s 
69/65 1225 324 L4 241 L s 
The weight of the ovaries and of the ut eri suggest th at 
these animals had been pregnant, and either lo st their embryo 
before birth or pouch young soon after. None of them was 
lactating, and all except one had large pouches. It is not 
possible, of course, to prove that they were ever pregnant, but 
the condition of the pouch supports the idea that birth may 
actually ha ve occurred. The number of breeding females from the 
three samples was 89, so 7% of them are suspected of having lost 
their young prematurely. 
.. • 
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Inf. peregrinus (Hughes et al., 1965) it has been 
shown that some females produce a second litter if the previous 
offspring are lost prematurely. No evidence of this has been 
found in Schoinobates. 
f) DISCUSSION 
The results of the study of breeding activity 1n natural 
populations of Schoinobates show that the percentage of breeders 
was high in undisturbed areas, 93% in 1968 and 84% in 1969, and 
that females of body weight less than one kilogram were capable 
of breeding. The low percentage of breeders in the 1967 season 
(44%) is difficult to explain, but is probably related to prior 
disturbance. Tyndale-Biscoe and Bancroft (unpublished) have 
suggested that migration took place into the 1967 study area, and 
it could be that this alteration in spatial distribution upset 
the normal breeding season pattern. A low level of follicular 
activity was found in the ovaries of the majority of non-breeding 
females (see also Chapter 4). 
In other marsupials, especially other possums, which 
have been investigated in the field, the breeding activity was 
found to be high. In a study of!• vulpecula Tyndale-Biscoe 
(1955) found that 90% of adult females bred during the May to 
August season, and made special note of the fact that very small 
numbers of sexually mature females were not breeding. Thomson 
and Owen (1964) found that almost every mature f. peregrinus "had 
either weaned a litter or was carrying pouch young '' during the 
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latter part of the breeding season (November). !• vulpecula 
and P. peregrinus both differ from~- volans in having a longer 
breeding season, and they may even breed twice during one 
calendar year. R· peregrinus is also known to replace lost 
litters during the same breeding season. 
The results also show that male gliders are not 
monogamous, and that, whatever the ecological significance of 
the unbalanced mature sex ratio may be, it does not appear to 
reduce female fecundity. Tyndale-Bi s coe and Smith (1969a) have 
postulated that the shift in sex ratio is due to a male-specific 
mortality acting at the time the young leave the mother's pouch. 
Atresia occurred at all stages of follicular growth in 
pregnant, lactating and non-breeding females. The glider is 
a monovular species, and the corpus luteum of pregnancy reaches 
its maximum size during the very early stages of pregnancy and 
declines rapidly in size after parturition. The corpus luteum 
of pregnancy in Trichosurus was 3.5 mm in diameter, declined to 
a diameter of 2.6 mm at parturition, and was 2.5 mm in diameter 
during lactation (Tyndale-Biscoe, 1955). The size of the corpus 
luteum during gestation in the glider is the same as that found 
in Trichosurus, but it regresses more rapidly during lactation. 
Post-partum ovulation, as reported in several macropod marsupials 
(Sharman, 1959), was not a feature of reproduction in the glider, 
and delayed implantation did not occur. 
The luteal phase of the uterus (here defined by the 
.. , 
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staining reaction of the peripheral portion s of the uterine 
glands) persists throughout gestation. The peripheral portions 
of the uterine glands of the post-partum uterus gave a positive 
reaction for basophilia. This has also been recorded for 
Trichosurus (Pilton and Sharman, 1962), Didelphis marsupialis 
virginiana (Hartman, 1923) and Dasyurus viverrinus (Hill and 
OtDonoghue, 1913). The histology of the glider uterus suggests, 
therefore, that the gestation period is shorter than the 
oestrous cycle. Only one marsupial (Wallabia bicolor) i s 
thought to have a gestation period exceeding the length of the 
oestrous cycle (Sharman, Calaby and Poole, 1966)0 Post-partum 
ovulation in the glider, as in Trichosurus and Didelphis 
marsupialis virginiana, is presumably inhibited by the onset of 
lactation. Unfortunately the glider does not adapt well to 
captivity, so that the establishment of the length of the 
oestrous cycle and gestation will be a difficult task. 
Sharman et al.(1966) discussed the patterns of 
reproduction found in female diprotodont marsupials and proposed 
four different groups according to the relationships of the 
length of the oestrous cycle to the gestation period and the 
occurrence of delayed implantation . The members of Group 1 are 
polytocous or monotocous, polyoestrous and have a gestation period 
considerably shorter than the length of one oestrous cycle. 
The period of pouch life i s shorter than six months . T. 
vulpecula belongs to this group as well as R· peregrinus, 
·• 
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Petaurus norfolkensis and Petaurus breviceps. 
that Schoinobates also belongs to this group. 
It is suggested 
The perinatal mortality was estimated to be 7%. 
Hughes et al. (1965) reported that reproductive wastage in 
R· peregrinus was low and was evident in only three of 24 
females (12.5%) with embryos or pouch young. Whilst these 
two estimates of mortality in young are not strictly comparable, 
they give some idea of the reproductive wastage that may occur 
in natural populations. 
f) SUMMARY 
1. The breeding activity of females weighing more than 
1000 g was 93% and 84% in 1968 and 1969, respectively, whereas 
in 1967 it was 44%. 
2. The breeding activity of females weighing 1000 g or 
less was very low (three out of 36 animals). 
3o Follicular atresia occurred at all stages of follicle 
growth in pregnant, lactating and non-lactating females. 
4. Ovarian interstitial tissue was found in varying 
amounts in nearly all ovaries. 
5o The single corpus luteum of pregnancy reaches its 
maximum size during the early stage of gestation. 
6. Recognizable histological differences were found in 
proliferative, luteal, post-partum, l a ctating and anoestrous 
uteri. 
7. The luteal phase of the uterus persists throughout 
gestation. 
.,. 
8. 
7%. 
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The perinatal mortality was estimated to be about 
.. 
Chapter 4. CAPTIVE COLONY 
The history of this colony has been described on 
pp. 10-12. Daily vaginal smearing began on 7 March 1969, 
u sing 12 females. One died on 17 March, and six others were 
killed on 21 March on account of their poor condition. Two 
were killed on 5 May and the remaining three (together with the 
male) were killed on 23 May, when vaginal smearing stopped . 
One of the problems associated with keeping the 
animals in captivity was the fact that they all lost weight 
within the first month of capture (maximum loss 325 g, minimum 
145 g). After 21 March the six remaining gliders were 
distributed amongst four cages in order to minimize any effects 
of crowding. Thereafter those that survived more or less 
maintained their body weight (Figs. 2, 3, 4). In the cages 
containing two gliders it was frequently observed that they 
both spent the day in the same nest box, although two or more 
bo xes were available. 
The vaginal smears were scored on a random traverse 
basis for the number of epithelial and cornified cells and 
polymorphonuclear leucocytes. Some of the females urinated 
immediately before smearing and sometimes during smearing . 
Examination of the vaginal smears failed to show any cyclical 
pattern in the cell types present. 
Table 7 gives the details at autopsy of the five 
females which were kept longest in captivity. 
Figure 2 
Measurements of body weight of female gliders 
kept in captivity. •-----• No. 1738; 6 6No. 1768; 
6- -6 No. 1767. 
A= autopsy. P = Pentavite given. 
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Figure 3 
Measurements of body weight of female gliders 
kept 1.n captivity. •---•No. 1716; o o No. 1735. 
A= autopsy. P = Pentavite given. 
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Figure 4 
Measurements of body weight of male gliders 
kept in captivity.• A No. 1769; •---• No . 1773; 
t::. - -t::. No. 1770; • -----• No. 1771; O· •• • ··O No . 1774 . 
A= autopsy. D = died. P = Pentavite given. 
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TABLE 7 
Autopsy findings of female captive colony. 
Pouch: M = medium. Teats: S = small. 
Body Wt. Body Wt. Total Total Pouch 
at capture at death Ovarian Uterine 
g g Wt.mg Wt.mg 
1080 900 24 54 M 
1250 850 35 56 M 
1205 955 50 71 s 
975 805 1 3 79 s 
1225 1050 33 47 M 
Teats 
s 
s 
s 
s 
s 
The male (1769) weighed 1125 g when captured and 
950 g at autopsy,when the scrotum width was 10.8 mm and active 
spermatozoa were present in the epididymis. 
The ovarie s from the five females were serially 
sectioned, and micro s copic examination showed that all follicle s 
were small and there were no corpora lutea. 
The conclusions reached from the captive colony were 
that the females failed to show any evidence of oestrous cycles, 
although the male (1769) produced live spermatozoa. Male 1773 
was producing spermatozoa at the time it died. Fleay (1963) 
reported that Schoinobates was one of the most delicate and 
difficult marsupials to maintain in captivity and very selective 
in its leaf diet. However, despite the difficulties he recorded, 
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a pair of greater gliders from Daylesford, Victoria produced 
several young in captivity. They were born in August, but died 
shortly after leaving the pouch 0 
As mentioned previously, the gliders were offered 
several different species of Eucalyptus, and a species from their 
natural habitat was always included. It was noted that the 
leaves were never completely consumed, and that the honey and 
skim-milk powder provided were only partly eaten. Smith 
(1965, unpublished thesis material) made observations on the 
species of leaves eaten by gliders in their natural habitat, and 
concluded that a dietary change with season was unlikely. 
Fleay (1937) recorded that Phascolarctos cinereus showed a 
variation in diet throughout the year, so that the possibility 
of an inadequate supply of suitable leaves for the gliders 
cannot be completely dismissed. 
At no time was there more than one mature male in one 
cage with some females, so that any fighting between males had 
to be done through a wire fence. On several occasions, when 
short night watches were made, no aggressive behaviour was 
observed, and the four males that died had no superficial wounds 
on them . 
The emaciated condition of the gliders, together with 
trhe artificial habitat, probably placed considerable stress on 
the animals, so much so that breeding activity in the females 
at least was completely suppressed . Very low breeding activity 
·,• 
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was found in the sample obtained from the natural population 
in the study area in March to June 1967, and it was suggested 
(Tyndale-Bi scoe and Smith, 1969a) that this may have been due 
to the disturbance created in the population during 1966 when 
some animals were shot. The large number of anima l s collected 
later from the same area at clear-felling operations in 
September and October 1967 suggest that migration had taken place 
(Tyndale-Bi scoe and Bancroft, unpublished data), and the resulting 
alteration in spatial distribution may also have contributed to 
reduction in breeding. 
Captivity undoubtedly complicates the social structure 
of Schoinobates, even more than the stresses observed in the 
field and this was probably the reason for the lack of breeding 
in females and very possibly, too, for the deaths that occurred. 
The role of the anal gland secretion was not determined. 
·, • 
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Chapter 5. ACCESSORY ORGANS (ANAL GLANDS) 
The presence of a pair of large ovoid anal glands 
in both sexes of Schoinobates volans was recorded by Tyndale-
Bi s coe and Smith (1969a). Samples were collected during the 
1968 breeding and non-breeding seasons, and all the glands were 
weighed and their basic histology examined in both sexes . The 
possible use of the anal gland secretion in the spatial 
distribution of the gliders was mentioned in Chapter 1 (p. 4). 
a) ANATOMY 
Each gland is a hollow viscus, the wall of which i s 
up to 4 mm thick. It lies at an oblique angle to the rectum 
with the larger end posteriorly. From this end a tapering 
duct, about 15 mm long, 1o0 mm in diameter at origin and Oo5 mm 
in diameter distally, takes the secretion from the gland to 
the cloaca, where a small papilla marks its point of entry. 
These papillae, one for each duct, are about 2o0 mm from the rim 
of the cloaca. The thickened coat of striated muscle is 
visible on the posterolateral surface of the gland. 
The secretion from the anal glands is a thick white 
liquid with a strong odour of Eucalyptus oils. On microscopic 
examination it contains many oil droplets, but its chemical 
composition has not been studied . 
The recorded weights of the glands must be interpreted 
with caution because of two variables. Firstly, although all 
the samples were collected in the same manner, it was observed 
·, • 
Figure 5 
Weight of anal glands plotted against body 
weight for the April - June sample . • Males ; 
6 Non- lactating females; A Lactating females. The 
lines were not fitted statistically and merely 
indicate trends . 
~._ All males; All females . 
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Figure 6 
Weight of anal glands plotted against body 
weight for the 1968 November sample . • Males; 
6 Non-lactating females; A Lactating females . 
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that individual animals expressed varying amounts of the 
secretion at capture. Secondly, there is a natural increase 
in the body weight and organs of the younger member s of the 
population between collection of the fir s t s et of sample s in 
April-May and of the second set in November, at which time the 
majority of the progeny from the previous year would have 
reached maturity. 
Figures 5 and 6 show the distribution obtained when 
anal gland weight is plotted against body weight. It is 
noteworthy that, although the females in the series were slightly 
heavier than the males (mean weight of 61 ~~ 1134 g, of 32 ii 
1032 g); the mean weight of the glands was 3.13 ± 1.71 g for the 
males and 1 .90 ± 1.08 g for the females. The difference 
between these means was statistically significant at the 5% level 
of significance. It is also interesting to notice that the 
weight of glands of the non-lactating females taken in the 
November sample is greater than that obtained for the lactating 
females of this sample. The mean for the non-lactating females 
was 3.78 ± 1.15 g and for the lactating females was 2.25 ± 2.19 g, 
and the difference was statistically significant at the 5% level 
of significance. However, it is not known if this difference 
was due to behavioural and/or hormonal factors. The use of the 
anal gland secretion in intraspecific communication is not known, 
and further collections of samples at regular periods throughout 
the year would be necessary to establish if there is a seasonal 
·, • 
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cycle in the activity of the glands. Weight may not, however, 
be a good index of the activity of the glands, and other methods, 
e.g. histochemical, may give more useful information. 
b) HISTOLOGY 
The wall of the gland consists of a secretory 
epithelium, a thin connective-tissue layer, and an outer muscle 
coat, thickest on the posterolateral surface. 
The secretory epithelium is folded and the cells are 
in several layers (Plate 6, Figs. 1 ,2). They are large, 
polygonal or flattened, and the cell and nuclear membranes are 
well defined. The surface cells appear to become detached, 
and the small lumina between the folds becomes filled with 
detached cells with and without nuclei (holocrine secretion). 
A few cells with nuclei still intact are found in the central 
lumen of the gland. The secretion in the central lumen 
(stained with haematoxylin and eosin only) is eosinophilic and 
the oil droplets appear as vacuoles. No sexual difference in 
the secretory activity of the epithelium could be detected. 
The connective-tissue layer is thin, and contains 
cavities of various sizes which are lined by cuboidal epithelium. 
They appear to be ducts, but what secretion they carry, if any, 
was not determined. These cavities were empty, except for one 
or two sections from a gland in which the small amount of 
included material was of doubtful origin, and no connections 
to the central lumen of the gland were seen. A thin layer of 
.,. 
Fig. 1 • 
PLATE 6 
A section of an anal gland showing the 
arrangement of the secretory epithelium, the 
cavities peripheral to the epithelium, and 
the muscle coats. Mag. 25X. 
Fig. 2. A section of an anal gland showing the 
central lumen with secretory material in it. 
Mag . 25X. 
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circular involuntary muscle surrounds the gland and is 
reinforced by a thicker layer of striated voluntary muscle on 
the posterolateral surface. 
c) DISCUSSION 
Bolliger and Whitten (1948) studied the pa racloacal 
(anal) glands of Trichosurus vulpecula, and reported that the 
scent or oil-secreting glands were larger in the males than in 
the females. From their description, these glands appe a r to 
be very similar macroscopically and microscopically to the on es 
found in the glider. Trichosurus also has a pair of bi- or 
trilobed cell-secreting glands, which are absent in Schoinobates; 
while Acrobates pygmaeus possesses two pairs, but their 
histology has not been described (Hill, 1900a). The presence 
of anal glands in Pseudocheirus was reported by Thomson and Owen 
(1964), but they were not studied in detail. Green (1963) has 
reported on the histology of a variety of cutaneous glands in 
marsupials, including!, vulpecula, while Schultze-Westrum (1965) 
has studied intraspecific communication by means of odours from 
certain cutaneous glands in Petaurus breviceps papuanus. The 
use of the secretion from the anal glands of Schoinobates in 
intraspecific communication has not been investigated, but, as 
suggested in Chapter 1, they may serve to keep members of a 
population in advantageous proximity for breeding. 
., , 
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Chapter 60 EMBRYOLOGY AND EARLY POSTNATAL DEVELOPMENT 
a) INTRODUCTION 
The number of published works on the embryology of 
Australian marsupials is small, and the only other observations 
on the young of Schoinobates were made by Hill in 1951, and 
Smith (1965, unpublished). There is no detailed work comparable 
with that of McCrady (1938) on the American opossum Didelphis 
marsupialis virginiana. Lack of suitable material ha s probably 
been the limiting factor in Austra lian studies. J.P. Hill a nd 
hi s students, over a period of 50 years, have contributed most 
to the published information, while T.T. Flynn and Ro Owen have 
also made significant contributions. C.G. Hartman, as well as 
E. McCrady, have made notable contributions to the embryology of 
the American opossum. 
The early development of Dasyurus viverrinus, up to 
the bilaminar blastocyst stage, was studied by Hill (1910), with 
a similar work by him on Didelphis aurita in 1918. Parker 
(1917) and Tribe (1918) have described the development of various 
organs of!• vulpecula, while Buchanan and Fraser (1918) and 
Fraser (1919) have described the development of the urogenital 
system in the Marsupialia with special reference to!• vulpecula. 
Selenka (1887, 1892) and Hartman (1916, 1919, 1923, 1928) have 
described various stages of intrauterine development in 
~. m• virginiana, and McCrady (1938) has described its 
development from the unfertilized egg to pouch life. 
., . 
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Many of the published works on the Australian 
marsupials have been on the type of placentation found in the 
various families. Mo s t marsupials have chorio-vitelline 
(yolk-sac) placentation, but a few have chorio-allantoic (yolk-
sac and allantoic) placentation. The following list is not 
intended to be a complete summary of the published works on 
intrauterine development, and many of the papers quoted are based 
only on superficial dissections. 
The Australian marsupials with yolk-sac placentation 
are Macropus giganteus (Owen, 1837); Macropus robustus (Selenka, 
1892); Macropus eugenii (Tyndale-Biscoe, unpublished); 
Aepyprymnus rufescens, Macropus rufogriseus (Hill, 1895, 1910); 
Bettongia cuniculus (Semon, 1894); Macropus parma (Hill, 1901 ); 
Setonix brachyurus (Sharman, 1955b); Trichosurus vulpecula 
(Hill, 1901); Pseudocheirus convolutor (Flynn, 1923); and 
Pseudocheirus peregrinus (Sharman, 1961b). 
~. viverrinus has yolk-sac placentation in which the 
allantois comes into contact briefly with the chorion, but in 
which the allantoic vessels are degenerate and do not vascularize 
a placenta (Hill, 1900b). The marsupials with yolk-sac and 
allantoic placentation are Perameles gunnii, ~o nasuta, Isoodon 
obesulus (Hill, 1895, 1898, 1901; Flynn, 1923), and 
Phascolarctos cinereus (Hughes and McNally, 1968). 
Didelphis marsupialis virginiana has yolk-sac 
placentation (Selenka, 1887). 
.,. 
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Advanced Schoinobates embryos have the yolk-sac type 
of placentation, in which the allantois does not form any part 
of the placenta. In this respect the glider and members of the 
only other possum family so far investigated (Phalangeridae) 
fall into the same group. It is interesting to note, in 
passing, the large size (larger than in any other possum studied) 
attained by the allantois in R· peregrinus, despite the fact 
that it takes no part in placenta formation. 
Jones (1924) classified Schoinobates (called 
Petauroides), Phascolarctos and Pseudocheirus in the 
Phascolarctinae because of similarities in their dentition, and 
said that Phascolarctos was "most nearly related originally to 
the ringtailed opossums''. It was of interest, therefore, to 
find that Schoinobates has a placenta like that of Pseudocheirus 
and different from that of Phascolarctos. Recent serological 
(Kirsch, 1968) and reproductive studies (Hughes and McNally, 
1968; and the present work) indicate that Phascolarctos is not 
as closely related to Schoinobates and Pseudocheirus as Jones 
thought, although these two are closely related to each other. 
There are a number of descriptions of new-born 
polyprotodont and diprotodont marsupials, most of which have been 
found to exhibit precocious development in a number of anatomical 
features. Sharman (1959) reviewed the literature on anatomical 
development of the pouch young, but a number of additional 
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papers have appeared since then. However, not many members 
of the possum families have been studied in detail, other than 
Trichosurus which has been investigated by numerous workers 
(e.g. Buchanan and Fraser, 1918; Dunnet, 1956; Lyne, Pilton 
and Sharman, 1959). 
b) EMBRYOLOGICAL SERIES 
In the following description of the Schoinobates 
embryos it is proposed to follow approximately the stages defined 
by McCrady (1938) for Q. ~- virginiana. The various stages, 
numbered 1 to 35, are based on the sequence of differentiation 
of particular external and internal morphological characters. 
Naturally, variations were found in the rate of differentiation 
of different organs, and the descriptions of the advanced embryos 
is not as detailed as that given by McCrady. The embryos 
studied were given the same numbers as their mothers, and are 
listed in Table 8. Details of all the embryos are given in 
Appendix B. 
G.L., H.L. and C.R.L. were measured according to the 
following definitions. Greatest length was measured from the 
crown to the tail fold. Head length was measured from the 
occiput to the anterior limit of the nose. 
was measured from the crown to the rumpo 
Crown-rump length 
·, • 
TABLE 8 
A list of the embryos given in the order in which 
they are described in the following text. 
mm Mea s urements of Mesodermal 
Number Stage Shell G.L. H.L. C.RoL. Somites 
diam. 
67/24 2-cell o. 47 
69/74 uni laminar Oo24 
68/1 ti o.5o 
68/18 II 1o5 
69/86 II 2o1 
67/38 II 3o4 
67/102 trilaminar 4 0 4 2 
69/16 ti 2.2 10 
67/44 II 3.2 12 
68/56 ti 3.4 18 
69/27 ti 4o5 25 
68/6 II 4.6 24 
69/92 II 5.0 
69/64 ti 5o9 
69/72 ti 2.4 6.0 
69/55 II 3.8 7.8 
69/30 " 4 0 5 10.2 
·, • 
Approx. 
McCrady 
Stage 
2 
9 
9 
11 
12 
12 
22 
25 
25 
26 
27-28 
27-28 
28 
30 
31 
32-33 
33 
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Two-celled ovum Number 67/24 
The earliest stage of embryonic development found in 
this study was a two-celled ovum corresponding to McCrady Stage 
2. It was serially sectioned in situ and the cleavage plane 
between the two blastomeres was observed. They were oval with 
flattened sides along the cleavage plane (Plate 7, Fig. 1), and 
approximately equal in size, measuring 37 x 38 x 117µ with their 
nuclei 15 to 16µ in size. Their cytoplasm was granular in 
appearance and eosinophilico 
The two-celled ova of Dasyurus viverrinus studied by 
Hill (1910) had blastomeres of approximately equal size. On the 
other hand, definite inequality in size of the blastomeres was 
found in the two species of Didelphis studied,~-~- virginiana 
(McCrady, 1938) and D. aurita (Hill, 1918). The blastomere s 
of Schoinobates at the two-celled stage were smaller than those 
found in either of the other genera. 
The zona pellucida formed a smooth boundary around the 
blastomeres, and the mean diameter of two measurements at right 
angles to one another (on the middle section) was 120µ . The 
mucoid layer (Hughes, 1969) varied in thickness from 5 to 28µ 
due to crumpling of the shell membrane, and it contained some 
sperm headso The shell membrane was 4µ thick. To compensate 
for the crumpling, the diameter of the entire ovum was calculated 
by measuring the circumference of the shell membrane and was found 
to be 470µ. 
·,• 
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A two-celled egg of Antechinus stuartii had a shell 
membrane diameter of 225µ and a zona pellucida diameter of 160µ, 
which indicates that a much thicker mucoid coat was present in 
the glider egg than in Antechinus (Bancroft, unpublished). 
Unilaminar blastocysts 
Number 69/74 - The smallest unilaminar blastocyst 
had a shell membrane measuring 240µ in diameter and the vesicle 
100µ in diameter. A zona pellucida could not be recognized. 
This blastocyst was torn with fine needles, flattened, and 
stained with Mayer's haemalum according to the method of Clark 
(1966); and the number of cells counted under a high power 
binocular microscope was 50. Tyndale-Biscoe (1963) found that 
the mean shell diameter of 21 unilaminar dormant blastocysts of 
§. brachyurus was 262 ± 3µ. Kirkpatrick (1965) reported that 
ten dormant blastocysts from Macropus major ranged in diameter 
from 220 to 310µ, while the diameter of dormant Megaleia rufa 
blastocysts was 330 ± 26µ (Clark, 1966). 
Many sperm heads were embedded in the mucoid layer. 
The ectoderm cells had clearly defined cell membranes and were 
flat and oval. They measured (average of several measurements) 
20 to 25µ, and had prominent circular nuclei measuring 11µ in 
diameter. This blastocyst corresponds to McCrady Stage 9. 
Number 68/1 - A blastocyst measuring Oo5 mm in shell 
diameter was dissected from the uterus and mounted flat. The 
number of cells counted was 643, and 22 showed various stages of 
., . 
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mitotic division. The cell boundaries were v e ry indistinct, 
and the nuclei were circular and 9µ in diameter. No endoderm 
cells were distinguishable. 
McCrady Stage 9 (late). 
This blastocyst corresponds to 
Number 68/18 - This bla s tocyst was dissected from 
the uterus, measured (shell diameter 1.5 mm), and then serially 
sectioned. The ectoderm cells were attenuated, widely spaced, 
and joined together by pseudopod-like extensions. The medullary 
plate was formed of rectangular to cuboidal cells which were 
denser and more chromophilic than the remaining ectoderm, and the 
first endoderm cells were found beneath it. 
Hill (1910) reported that endoderm cells appeared in 
the blastocysts of D. viverrinus when the diameter was 4.5 mm, 
in P. nasuta at 1.1 to 1 .3 mm, and in Macropus ruficollis 
(= Macropus rufogriseus) at 0.35 mm. Endoderm cells were first 
observed in~ • .!!!• virginiana blastocysts when 50 to 60 cells were 
differentiated, at McCrady Stage 100 This glider blastocyst 
corresponds to about McCrady Stage 11 (when the diameter of the 
vesicle was 0.20 to Oo34 mm). It is therefore closest to 
f. nasuta with respect to size and appearance of endoderm cells. 
The number of endoderm cells observed indicates that they mus t 
have been differentiated in smaller blastocysts. Thus, they 
may have been present in blastocyst Number 68/1, but were not 
seen due to the flat-mounted technique employed. 
Number 69/86 - A collapsed blastocyst dissected from 
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the uterus had a shell diameter 2o1 mm and the vesicl e was 
1o2 mm in diameter. In section, the ectoderm cells were cuboidal 
and more numerous than in the earlier 1o5 mm bl a stocyst. The 
medullary plate cells were also cuboidal and appeared larger tha n 
those of the remaining ectoderm. The endoderm cells were 
sparsely situated, attenuated in shape, and did not extend bey ond 
the medullary plate. This blastocyst corresponds to McCrady 
Stage 12 . 
Number 67/38 - A very broken-up blastocyst was found 
in the uterus, which had not been dissected before being serially 
sectioned. From a measurement of the shell membrane 
circumference (on the middle section) the shell diameter was 
calcula t ed to be 3.4 mmo Expans ion of the blastocyst had 
resulted in the ectoderm cell s being in contact with the shell 
membrane over a considerable area. The shell membrane was 3µ in 
thickne s s. The mucoid layer was still present, but unevenly 
arranged around the vesicle. The cells forming the medullary 
plate were cuboidal, densely packed, and chromophilic. The 
endoderm cells did not appear to have extended beyond the area 
under the medullary plate, but the poor preparation made accurate 
examination difficult. 
According to the number of cell layers differentia ted, 
this blastocyst corresponds to McCrady Stage 12 (late). 
Bilaminar blastocyst stage 
The completion of the endoderm layer to form the 
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bilaminar blastocyst was not observed in this study. Two 
Setonix blastocysts of 8 and 12 mm diameter were found to have 
the endoderm layer completed (Sharman, 1955b). Hill (1910) 
found that the endoderm formed a continuous cell-layer in 22 
blastocysts measuring 4.5 to 600 mm in diameter, which were all 
from the same female Dasyuru s viverrinus. The bilaminar 
blastocyst was formed in Didelphis ~· virginiana when the diameter 
was 0.75 mm (McCrady, 1938), and in Didelphis aurita at 0.82 to 
1o3 mm (Hill, 1918). From the limited amount of material 
available, it seems likely that the bilaminar stage in 
Schoinobates occurs when the blastocyst is between 3o4 and 4o4 mm 
in diameter. It appears, then, that differentiation of endoderm 
and mesoderm at this stage of development is a very rapid process. 
Trilaminar blastocysts 
The yolk-sac placenta develops by proliferation of 
mesoderm between ectoderm and endoderm to form the vascular 
portion, which is separated from the non-vascular portion by the 
sinus terminalis, a large blood vessel running around the internal 
wall of the uterus. The non-vascular portion is always found in 
the anterior part of the uterus and the vascular portion in the 
posterior part. The non-vascular portion consists of ectoderm 
and endoderm only. The yolk-sac is separated from the uterine 
epithelium, during the early stages of development, by the shell 
membrane. Thi s membrane disappears in the later stages, and the 
ectoderm comes to appose the uterine epithelium. The shell 
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PLATE 7 
Fig. 1. A section of the uterus of female Number 
67/24 with the two-celled egg in situ . 
Mag. 64X. 
Fig. 2. A section of embryo Number 67/102. Mag. 64X. 
mu mucoid coat 
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s shell membrane 
ec ectoderm 
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membrane was still present in an embryo of 3.4 mm G.L. (Number 
68/56). 
Proliferation of the yolk-sac splanchnopleure into the 
extraembryonic coelom effectively prevents the allantois from 
reaching the chorion, which i s an area of ectoderm and non-
vascular mesoderm apposed to the p o s terior pa rt of the ut e rine 
epithelium. Turning of the embryo during the late stag es of 
development does not affect the arrangement of the membranes. 
Embryo of 2 somites Number 67/102 A trilaminar 
blastocyst was found in thi s uterus, which was not dissected 
prior to being serially sectioned. The shell membrane, 4.oµ in 
thickness, was present around the whole of the blas tocyst. It 
was very folded, as was the yolk-sac. The shell diameter was 
calculated in two ways. The circumference of the shell was 
measured on the middle section, and the inner diameter of the 
uterus was a lso mea s ured on this section. These two measurements 
gave the same value of 4.4 mm. The mucoid layer was nearly all 
absorbed . It was not po s sible to decide in exactly what 
direction the blastocyst had been sectioned, but it appeared to 
be longitudinal and somewhat oblique. During fixation, 
dehydration , etc . , the yolk-sac was displaced some distance from 
the uterine epithelium, which was mostly smooth in outline and 
not forming projections into the uterine lumen, as was found to 
occur during the late stages of pregnancy. 
The ectoderm cells were columnar in section, and their 
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nuclei were peripherally situated. The cytoplasm away from the 
nucleus was chromophobic, whereas that around the nucleus was 
chromophilic. The medullary plate cells formed a very distinct 
band of chromophilic cells (Plate 7, Fig. 2). They were 
columnar with their nuclei situated in the outer end, and mitotic 
figures were frequently observed. 
Considerable differentiation of mesoderm had occurred, 
and the lateral mesoderm was split to form the body cavities. 
Although no heart tubes were found, the area vasculosa was well 
develop ed and nucleated red blood cells were observed in it. 
The mesoderm extended beyond the area under the medullary plate, 
and Hensents node was found where the ectoderm and endoderm were 
closely applied to each other. The first two pairs of mesodermal 
somites had developed. Sharman (1961b) reported that the 
mesoderm hardly extended beyond the medullary plate (called the 
embryonal area by Sharman) in a Trichosurus vesicle of 7.5 mm 
diameter. The Schoinobates embryo is smaller than this 
Trichosurus embryo, but the mesoderm differentiation is more 
advanced. 
The endoderm cells not under the medullary plate were 
flattened with correspondingly flattened nuclei, widely spaced, 
and joined together by thin pseudopod-like extensions. Tho se 
under the medullary plate were densely packed together, cuboidal 
in section, with the nucleus occupying the major portion of the 
cell (Plate 7, Fig. 2). All the endoderm cells were closely 
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applied to the cells immediately external to them (i.e. ectoderm 
or mesoderm). 
According to the number of somites differentiated , this 
blastocyst was approximately equivalent to McCrady Stage 22. ·, • 
Unfortunately, the relative lengths of the medullary and primitive 
grooves, that i s the rate of migration of Hensents node, were 
not determined. In Stage 22 of Q. m. virginiana the first 
somites are formed when the medullary groove (or notochord) is 
twice as long as he primitive groove. 
Embryo of 10 somites Number 69/16 - This embryo with 
a G.L. of 2o2 mm, together with its area vasculosa, was dissected 
from the yolk-sac, stained, and mounted in toto. The area 
vasculosa was a band 2 mm wide around the embryo, and ten 
mesodermal somites were counted. 
The head was slightly tilted ventrally and rested in 
a small pocket of the yolk-sac, while the body of the embryo lay 
on the surface of the yolk-sac. Immediately in front of the 
head a small fold projected up from the yolk-sac - the beginning 
of the proamnion. The tail amnion was formed, but was displaced 
to the right-hand side of the embryo and appeared as a small bag. 
The proamnion in Qom• virginiana was formed when the embryo 
possessed seven to 12 somites (McCrady Stage 24). In Didelphis 
m. virginiana and in Dasyurus viverrinus (Hill, 1900b) the 
proamnion persists throughout gestation. 
No contact of the neural folds was seen, but the stage 
61. 
of somite differentiation suggests that it would have occurred 
shortly. The first contact of the neural folds occurs in 
~. !!.!• virginiana when 12 to 13 somites have been formed. 
Differentiation of the first branchial pouches and sensory 
anlagen could not be determined in the in toto mount. Minor 
variations in the sequence of differentiation of morphological 
characters suggests that this embryo belongs approximately to 
McCrady Stage 25. 
Embryo of 12 somites Number 67/44 - The pregnant 
uterus of this female was larger than the non-pregnant side, and 
the embryo was serially sectioned in situ without prior 
dissection. The body was sectioned longitudinally, whereas the 
head, which was bent to one side, was sectioned in a transverse 
plane. The shell membrane was present and measured 2.5µ in 
thickness. 
This embryo is only slightly more advanced than 69 /1 6. 
Twelve me s odermal somites were counted in a paramedian sagittal 
section, and the G.L. was 3.2 mm in this section. The prominent 
morphological features of the sectioned embryo were the presence 
of the cephalic flexure, the occurrence of a number of well-
developed pronephric and mesonephric tubules, the contact of the 
neural fol ds in the mid-dorsal region, and the development of the 
amniotic folds. 
The ectoderm and endoderm cells forming the proamniotic 
fold were attenuated with their nuclei irregularly spaced, giving 
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the impression that there was only one cell layer present in 
some areas. The histological picture of the tail amnion was 
very different. Here the endoderm and ectoderm cells were 
merged together, with indistinct cell margins, their nuclei were 
irregularly spaced, and the number of cells was greater than in 
the proamnion area. The tail amnion had grown anteriorly for 
about one-third the length of the body, and the proamnion was 
about half the length of the tail amnion (Plate 8). 
The anlagen of the optic cups were differentiated and 
open. Three branchial pouches were differentiated, but only 
two were vascularized. The lateral hemicardia were fused along 
the ventral surface to form a single median vessel. The 
capillaries of the trilaminar omphalopleure were moderately 
well developed, and the sinus terminalis was formed. 
The uterine epithelium had a smooth edge, with the 
nuclei of the outer cells forming a regular array along the 
lumen. In the area of the vascular omphalopleure, the 
extraembryonic ectoderm cells were oval, with distinct cell 
margins, densely staining nuclei, and granular, mildly 
eosinophilic cytoplasm. The mesoderm cells were small and very 
thin, with chromophilic nuclei. The endoderm cells were the 
same size as the ectoderm cells and had chromophilic nuclei and 
cytoplasm. In the bilaminar omphalopleure the ectoderm cells 
were cuboidal and regularly arranged with their nuclei situated 
in the peripheral region. The cell membranes were somewhat 
., . 
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PLATE 8 
Longitudinal section of embryo Number 68/44. 
Mag. 20X. 
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indistinct, and the peripheral cytoplasm (around the nucleus) 
was chromophilic whereas the inner portion was chromophobic. 
The endoderm cells were flattened and denser than the ectoderm, 
and had chromophilic nuclei. 
This embryo, according to the number of somites 
differentiated, corresponds to McCrady Stage 25. 
Embryo of 18 somites Number 68/56 - This embryo, 
measuring 3.4 mm G.L., was dissected from the yolk-sac and then 
serially sectioned longitudinally . The shell membrane was still 
present around the embryo, and 18 mesodermal somites were counted. 
An embryo of~. eugenii with 17 mesodermal somites was 4.6 mm 
in G.L., which was considerably longer than the Schoinobates 
embryo with 18 somites (Tyndale-Biscoe, unpublished). 
The cervical flexure had occurred, and the head was 
pushed into the yolk- sac and covered by the proamnion, which now 
extended posteriorly for slightly more than one-third the length 
of the embryo. The tail amnion was partly differentiated. 
Fusion of the neural folds had occurred along most of the length 
of the embryo, but the anterior and posterior neuropores were 
still open. In a Setonix embryo of 4.0 mm G.L., the neural 
groove was still open for its entire length (Sharman, 1955b). 
The anlagen of the olfactory, optic and otic organs were 
differentiated. The olfactory bulbs and the optic diverticula 
were closed, but the otic placodes were open. 
The h eart tubes were fused, the vitelline and post-
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cardinal veins were well developed, and nucleated red blood 
corpuscles were abundant in all the blood vessels. Four 
branchial pouches were differentiated, but only three of them 
were vascularized. The pharynx was differentiated, and Rathke's 
pouch was beginning to form at its anterior end. The earliest 
anlagen of the lungs were found in this embryo, and a number of 
pronephric and mesonephric tubules were developed. Buchanan 
and Fraser (1918) found that pronephric tubules were developed 
in a Trichosurus embryo of G.L. 5o0 mm, but they were first 
seen in the present series in Number 67/44 with a G.L. of 3.2 mm. 
Fore-limb buds were not differentiated. 
According to the number of somites differentiated, 
this embryo corresponds to McCrady Stage 26. The~. fil· 
virginiana embryo is longer (6.0 mm) at this stage than 
Schoinobates, but further comparisons of organogenesis showed 
that the sequence of development of~. fil• virginiana and 
Schoinobates was approximately similar. 
Embryo of 25 somites , G.L. 4.5 mm Number 69/27 - The 
uteri of the mother of this embryo were equally enlarged. It 
was situated in the middle portion of the uterus with its head 
directed towards the anterior end of the uterus. The embryo was 
dissected from the yolk-sac, measured, and serially sectioned 
No shell membrane was detected. 
longitudinally. A The amnion and yolk-sac immediately around the 
embryo were left attached to it. Yolk-sac fluid was extracted 
by inserting a needle through the wall of the uterus into the 
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yolk-sac. Unfortunately, the yolk-sac was damaged by this 
operation, and a measure of its length and width could not be 
made. The vascular omphalopleure was well developed. 
The distinctive external features were the closure 
of the amniopore, the primary lumbar flexure, the presence of the 
fore limbs as clubs, the hind limbs as ridges, and the tail s till 
rudimentary (Plate 10, Fig. 1). 
A large area of proamnion was still present, but the 
amniopore, which was closed, indicated that the develo pment of 
the amnion is possibly more rapid in Schoinobates than in the 
other Australian marsupials that have been studied. The chorio-
amniotic connection was found after sectioning. In the closely 
related f. peregrinus the head and tail amniotic folds were formed 
in an embryo whose G.L. was 5.4 mm (Sharman, 1961b). In Setonix 
the amniotic folds were well developed (but did not meet abo e 
the dorsal surface of the body) in an embryo of G.L. 4.75 mm 
(Sharman, 1961b) . In Q. ~· virginiana the amniopore was clo s ed 
when the embryo was about 6.0 mm GoL. (Stage 29). 
The primary lumbar flexure had occurred at the ninth 
to tenth somite level, and the dorsal line was fairly straight 
from there posteriorly . Twenty-five mesodermal somites were 
counted, and the spinal ganglia were differentiating. The 
sections also showed that four branchial pouches were developed, 
with a blood supply to each. Lateral to the branchial pouches 
further differentiation of the lungs had taken place. 
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The pronephric and mesonephric tubules were very well 
developed, forming a ridge running posteriorly from about somite 
9 to the 25th. The Wolffian duct, hind gut, cloaca, and tail 
gut were also differentiat ed. In this embryo a ventral •• 
diverticulum of the hind gut formed the rudimentary allantois 
(Plate 9, Fig. 2). It was, even at this early stage, well 
supplied with blood vessels. Buchanan and Fraser (1918) found 
that the allantois was differentiated in a Trichosurus embryo of 
G.L. 7Q5 mm (five days before birth). Sharman (persona l 
communication) reported that the allantois was 5 x 7 mm in size in 
a Trichosurus embryo at term. In a Setonix embryo of 
approximately 4.8 mm G.L. (nine days before birth) no allantoic 
primordium was recognizable (Sharman, 1961b), but its dimensions 
were 10 x 15 mm in an embryo at term (Sharman, personal 
communication)o 
Thus it appears that the allantois was differentiated 
at about the same stage of development in Trichosurus and 
Schoinobates, and probably in Setonix also, since the gestation 
period of Setonix is 27 days, but only 17o5 days in Trichosurus. 
As indicated earlier, the gestation period of Schoinobates is 
probably nearer to that of Trichosurus than to Setonix. However, 
the allantois of these three genera never reaches the size of 
that found in Pseudocheirus. In the late embryo of Pseudocheirus 
(HoL. 6.5 mm) the volume of the allantois was calculated to be 
2.5 ml (Sharman, 1961b), and in one wi th the same H.L. examined 
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Fig. 1. A section of the vascular omphalopleure of 
the yolk-sac of embryo Number 68/6. Mag. 64X. 
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by Hughes et al. (1965) the allantois was 8 mm in diameter. 
A large allantois has also been recorded in embryos of Megaleia 
rufa, Macropus canguru ( = ~. giganteus), P. tridactylus and Q. 
in 
viverrinus (Hughes et al., 1965), andJPhilander opossum (Enders 
and Enders, 1969). 
This embryo corresponds approximately with McCrady 
Stages 27-28 with respect to the cervical flexure, the closure 
of the amniopore, and the formation of the mesonephric tubules. 
Embryo of 24 somites, G.L. 4.6 mm Number 68/6 The 
embryo was situated in the middle portion of the uterus with the 
head directed towards the anterior end of the uterus. The yolk-
sac was well developed, but was collapsed. A portion of the 
wall of the uterus was removed so that the G.L. of the embryo 
could be measured, and then the embryo was serially sectioned in 
the horizontal plane. 
This embryo was at the same stage of development as 
69/27 (24 mesodermal somites, McCrady Stages 27-28), and the 
description here will be largely devoted to the histology of the 
yolk-sac (Plate 9, Fig. 1). The ectoderm of the vascular 
omphalopleure was a uniform layer of oval to cuboidal cells 
approximately 23µ long. Their nuclei contained several nucleoli 
and some chromatin, while the cytoplasm was mildly eosinophilic 
and contained some vacuoles. The mesoderm was a thin layer of 
cells with distinct nuclei, and the foetal capillaries were well 
developed. The endoderm of this area was composed of uniformly 
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shaped cells which were smaller than those of the ectoderm. 
The ectoderm cells of the bilaminar layer were 
flattened, closely packed, and measured approximately 46 x 16µ. 
The endoderm in this area was similar to that in the trilaminar 
layer. 
The descriptions of the remaining embryos in this 
developmental series are based on in toto material, but the 
histology of the yolk-sac of the advanced stages has also been 
examined. 
Embryo of G.L. 5.0 mm Number 69/92 - The embryo was 
situated in the posterior part of the uterus with its head 
directed anteriorly with respect to its mother. The yolk-sac 
was oval and measured 10 x 8 mm, with the vascular part occupying 
two-thirds of it. The sinus terminalis, vitelline veins and 
vitelline artery were all well developed. All of the yolk-sac 
was in contact with the uterine epithelium, but even the vascular 
portion could be teased away without any breakage. The chorion 
was apposed to the posterior part of the uterine epithelium. 
Mesoderm had not completely grown around the anterior 
part of the embryo, so that a small area of proamnion was still 
present. The allantois was a small bag, projecting to the 
right-hand side of the embryo and measuring 0.7 x 0.5 mm. The 
hind limbs were still at the ridge stage, while the fore limbs were 
at the bud stage (Plate 10, Fig. 2). Four branchial pouches were 
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visible externally. The otic placodes were open, as were the 
external nares. The anterior neuropore was open and the hind 
brain was covered by a thin transparent membrane. This embryo 
was slightly more advanced than 68/6 and corresponded to McCrady , . 
Stage 28. 
Embryo of G.L. 5.9 mm Number 69/64 - The yolk- sac 
measured 17 x 10 mm. The embryo was situated in the posterior 
part of the uterus with the head directed posteriorly in relation 
to the mother. As mentioned earlier, turning of the embryo does 
not alter the arrangement of the embryonic membranes. The 
embryos of Trichosurus and Setonix turn when their G.L. are about 
11 .O and 4.8-8.6 mm respectively. 
The distinctive external feature of this embryo was 
the presence of the second lumbar flexure (Plate 10, Fig. 3). 
The posterior end of the body was bent sharply in the ventral 
direction and brought up close to the heart and head. The 
posterior neuropore appeared to be closed. 
The foot of the fore limb was differentiated into five 
digital ridges, while the terminal portion of the hind limb was 
enlarged to form a club. Digital ridges were formed on the 
fore feet of D. m. virginiana at McCrady Stage 31. 
The allantois was an almost spherical bag measuring 
1.0 mm in diameter. It projected to the right-hand side of the 
body b e tween the hind limb and the tail. An~. eugenii embryo 
of 8.0 mm C.R.L. (Tyndale-Bi scoe, unpubli shed ) had an allantois 
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0.9 x 1.4 mm, which was slightly larger than that of 69/64, but 
the external features of~. eugenii were not as advanced as those 
of Schoinobates. 
The occurrence of the second lumbar flexure makes this 
embryo correspond approximately to McCrady Stage 30. 
Embryo of H.L. 2.4 mm and C.R.L. 6.0 mm Number 69/72 -
The embryo was lying with the head directed posteriorly. The 
yolk-sac measured 20 x 10 mm. Its vascular portion was extremely 
well supplied with blood vessels, and its splanchnopleure had 
proliferated extensively but was not yet enclosing the posterior 
part of the embryo. 
This embryo was not much more advanced than Number 69/64. 
The second lumbar flexure appeared to be more pronounced, with the 
tail reaching anteriorly and ventrally to a point in line with 
the mouth (Plate 10, Fig. 4). The hind limbs were at the club 
stage and the upper and lower eyelid folds were formed. The 
allantois was larger than in 69/64, measuring 1.9 x 0.8 mm. 
This embryo corresponds to McCrady Stage 31. 
Embryo of H.L. 3.8 mm and C.R.L. 7.8 mm Number 69/55 
-
This embryo was sit uate d in the posterior portion of the uterus, 
but the head was directed anteriorly with respect to its mother. 
Thi s was unusual because, in the two stages before this one and 
in the next (the last intrauterine stage ), the body was turned so 
that the head faced towards the posterior end of the uterus. 
The yolk-sac measured 18 x 12 mm, and the yolk-sac splanchnopleur e 
., . 
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had extended over the sides of the embryo and fused above the 
dorsal surface of the embryo. The allantois, which was 
collapsed (about 0.5-0.75 mm deep), measured 4.8 x 3.0 mm and 
was covered by folds of the yolk-sac splanchnopleure. 
Real digits were formed on the manus of the fore limbs, 
but the digits of the hind feet were still ridges (Plate 10, 
Fig. 5). The elbow of the fore limb was distinguishable, and a 
low ridge ran posteriorly from it to the point where the hind 
limb joined the body. This was the beginning of the gliding 
membrane. The tail was long and tapered, reaching anteriorly 
to touch the nose. Pinnae were developed as ridges around the 
open orifices of the otic placodes. The pigment of the eye had 
developed and the eyelids were very distinct. The mouth was 
open and the tongue protruding. The choroid plexus of the 
diencephalon and the po s terior choroid plexus of the medulla 
oblongata were prominent features of the brain development at 
this stage. The choroid plexus was developed in~. m. virginiana 
at Mccrady Stage 34. 
There are a number of differences in the sequence of 
development of various external features, so that it is difficult 
to place the Schoinobates embryo in a definite McCrady stage; 
it corresponded roughly with Stages 32 to 33. 
Embryo of H.L. 4.5 mm and C.R.L. 10.2 mm Number 69/30 -
Thi s embryo was situated in the posterior portion of the uterus 
with the head directed towards the posterior end of the uterus. 
·, . 
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The yolk-sac measured 17 x 12 mm, and was clo s ely applied to the 
uterine epithelium. This embryo was distinguished from the 
previous one by the presence of the pontine flexure, which had 
lifted the head up and away from the chest (Plate 10, Fig. 6). 
The claws of the manus were formed, but the digits of 
the pes were still ridges. The lateral lips of the mouth were 
fused together po s teriorly for about one-third of their length 
and the remainder of the mouth was open with the tongue protruding. 
The otic placodes were still open, and the pinnae were further 
differentia ted. The eyes were well formed and not covered by a n 
epitrichium. 
The allantois was l a rge and collapsed (about 0.5 mm 
deep), measured 4.8 x 3o5 mm, and was completely covered by yolk-
sac splanchnopleure. The allantois of a~- eugenii embryo 
measuring 10 mm C.R.L. (Tyndale-Bi s coe, unpublished) was 3.2 x 
2.3 mm, and the allantoic stalk wa s more pronounced than that of 
the Schoinobates embryo. The~. eugenii embryo, however, was 
not as advanced in the differentiation of external features as 
the Schoinobates embryo of about the same C.R.L., which had 
reached a stage of development corresponding approximately to 
that of a~. eugenii embryo of 1406 mm CoRoL. 
The allantois of the two most advanced embryos examined 
was collapsed, and the time at which the cloacal membrane breaks 
down and releases the urine into the amniotic cavity was not 
determined. This occurs in~. m. virginiana at McCrady Stage 34, 
N, 
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Embryos described in the text. Mag. 8X . 
Fig. 1 . No. 69/27 . 
Fig. 2. No. 69/92. 
Fig. 3. No. 69/64. 
Fig. 4. No. 69/72 . 
Figo 5 . No. 69/55. 
Fig. 6. No. 69/30. 
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which is the last intrauterine stage. The small es t pouch y oung 
studied in the present series measured 14.6 mm C.R.L., and we do 
not know what further development, if any, may occur in the 
Schoinobates embryo before birth. The presence of the pontine 
flexure and other advanced characters would make thi s embryo 
correspond approximately to McCrady Stage 330 
Structure of placenta - In Number 69/30 the ma ternal 
uterine mucosa in the region of the vascular omphalopleure was 
well supplied with subepithelial capillaries, and its connective 
tissue layer was very thin with sparsely distributed nuclei. 
The nuclei of the uterine epithelium were irregularly spaced and 
chromophilic and the divisions between these cells very 
indistinct. The uterine mucosa was raised into a series of 
projections which did not contain any uterine glands (Plate 11, 
Fig. 1), and seemed to fit into hollows of the vascular 
omphalopleure layer. Similar projections were described in 
f. peregrinus by Sharman (1961b), who also reported that they were 
present, though not so well developed, in !o vulpecula and S. 
brachyurus. 
The function of these projections of the uterine mucosa 
is presumably to maintain a clo s e contact between the ma ternal 
and foetal tis s ues, so that efficient transfer of nutritive 
material to the embryo can occur . They were found in the 
pregnant uteri of all the females which had embryos of more than 
4 . 5 mm G. L . They were longest and most pronounced in the area 
•• 
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of the sinus terminalis, i.e. in the vascular omphalopleure, and 
were poorly developed in the region of the chorion and of the 
bilaminar omphalopleure. 
The pregnant uteri of Numbers 69/55 and 69/30 were 
similar histologically. The main difference appeared to be in 
the sinus terminalis area in the vascular omphalopleure, where 
the yolk-sac of the 69/30 foetus was held more rigidly to the 
uterine epithelium than in 69/55. The yolk-sac of 69/30 could 
not be separated from the uterine epithelium without taking part 
of the epithelium with it. Sections of the area adjacent to 
the sinus terminalis of 69/30 showed, in addition to the 
projections, small tongues of uterine mucosa in between the cells 
of the foetal ectoderm . No erosion of the cell boundaries of 
the uterine epithelium was found. A similar situation has been 
found in the yolk-sac placenta of other marsupials. 
The size and shape of the ectoderm cells in the vascular 
omphalopleure varied, but their cell boundarie s were distinct 
(Plate 11, Fig. 2); some of the largest measured 44 x 30µ and 
were oval to cuboidal. Vacuoles were numerous, and the cytoplasm 
was slightly eosinophilic. The nuclei were prominent and usually 
contained several nucleoli and some chromatin material, both of 
which stained densely. The mesoderm cells were attenuated, but 
their nuclei were always distinct, and the capillaries in the 
mesenchyme were extremely well developed. The endoderm cells 
were smal ler than the ectoderm cells but bigger than those in the 
•• 
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PLATE 11 
Fig. 1. A section of the uterus of female Number 69/30 
showing the projections of the uterus into the 
uterine cavity. Mag. 25X. 
Fig. 2. A section of the uterus of female Number 69/30 
0 showing the junction of the vascular omphalo-
pleure of the yolk-sac with the uterine 
epithelium. Mag. 64X. 
Fig. 3. A section of the yolk-sac showing the bilaminar 
omphalopleure and portion of the vascular 
omphalopleure in the area of the sinus 
terminalis. Mag. 64X. 
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mesoderm; they were variously shaped, but formed a more or less 
uniform layer. 
At the tips of the uterine projections the blood streams 
of the maternal and foetal systems were extremely close together, 
due to displacement of the yolk-sac ectoderm cells. In these 
areas there appeared to be very little ectodermal cytoplasm, and 
the epithelial cells of the uterus seemed to be in direct contact 
with the endothelium of the capillaries in the foetal mesenchyme. 
The subepithelial capillaries of the uterus, in turn, appeared to 
be almost in contact with the basement membrane of the uterine 
epithelium. 
The ectoderm cells of the chorion were variously shaped 
from cuboidal to oval, and some of the larger ones measured 
They did, however, show considerable variation in 
size. The somatic mesoderm was very thin in this area. 
The ectoderm cells of the bilaminar omphalopleure were 
also cuboidal to oval, but smaller than those in the trilaminar 
omphalopleure (Plate 11, Fig. 3). Some of their nuclei were 
similar to those of the trilaminar ectoderm, but others stained 
more densely and uniformly. Some cells had vacuoles, and the 
cytoplasm stained similarly to those in the trilaminar ectoderm. 
The endoderm cells of the bilaminar layer were uniform and about 
the same size as those of the trilaminar omphalopleure. 
c) PARTURITION 
Parturition in the glider occurs by a median passage, 
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called the pseudovaginal canal,which closes over shortly after 
birth (Smith, 1969). Birth via the pseudovaginal canal i s the 
condition found in most marsupials. The pseudovaginal canal may 
or may not remain patent after the first birth, depending on the 
genus. Rapid closure of the pseudovaginal canal is characteristic 
of those species in which the gestation period is shorter than 
the oestrous cycle. 
d) PERINATAL YOUNG AND DIFFERENTIATION OF REPRODUCTIVE ORGANS 
A total of 49 pouch young was collected during the 
three years' study. These were all very young animals, the 
heaviest weighing 6.47 g and 41% of them less than 1 g. They 
were measured and weighed after fixation, and sexed externally 
where possible. Those which could not be sexed externally had 
the gonadal ridge sectioned for hi s tological examination. 
Unfortunately, several young were damaged by shot during 
collection. 
The smallest young was distinguished from the late 
stage embryos by a number of external features. A noticeable 
increase in the length of the trunk had occurred, and the head 
was held at right angles to the body. A short remnant of the 
umbilical cord was present, and the shallow ridge of the gliding 
membrane was more prominent. 
The smallest young (not neonatal) examined in this 
study had a H.L. of 5.5 mm, a C.R.L. of 14.6 mm, and a body weight 
of 273 mg after fixation. It was attached to the left teat, and 
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the stomach appeared to have some milk in it, so its recorded 
weight is probably greater than at birth. The size and weight 
of the neonatal!• vulpecula young (H.L. of 6.0 mm and a body 
weight of 200 mg; Lyne et al., 1959) are very similar to those 
recorded for the smallest glider. A semitransparent epitrichium, 
through which many morphological features could be seen, covered 
the naked body. The lateral lips of the mouth were completely 
fused, and the terminal opening was circular and led into a 
relatively large buccal chamber. The tongue was lying along the 
floor of the mouth and not protruding. The elliptical pigmented 
area of the eye was visible under the epitrichium, and the pinnae 
covered the auditory meatus. 
The young glider, like all young marsupials, had 
well developed fore limbs and musculature. The digits of the 
manus had small pointed claws, but the hind limbs were relatively 
undeveloped. The genital tubercle was developed, but it is not 
possible to sex the young at birth, or for some time after, 
because the gonad is at the indifferent stage and neither the , 
pouch or scrotum is developed. This has been found to be true 
of all marsupials (Sharman, 1959). 
Brambell (1927) described the development and morphology 
of gonads of laboratory mice, and Fraser (1919) reported on the 
differentiation of the gonads in!• vulpecula. Morgan (1943) 
has described the normal development of the ovary of~. ill• 
virginiana from birth to maturity. In a Schoinobates pouch 
•• 
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young of 5.8 mm H.L. the gonadal ridge was a sausage-shaped 
organ lying along the ventro-medial surface of the mesonephros 
. 
with its long axis parallel to the long axis of the mesonephros. 
The ridge was 1.0 mm long, bounded by a germinal epithelium, and 
the internal cells were variously shaped with chromophilic nuclei 
and cytoplasm (Plate 12, Fig. 1). 
The smallest young in which the gonad was definitely a 
developing testis had a H.L. of 8.5 mm (Plate 12, Fig. 2). In 
this gonad the germinal epithelium was clearly demarcated and the 
tunica albuginea, although not well developed, was recognizable. 
The major portion of the gonad showed aggregations of cells to 
form seminiferous tubules. The smallest young in which the gonad 
was recognizable as an ovary had a H.L. of 9.3 mm. This animal 
also had the pouch developed. The ovary of this pouch young 
(Plate 12, Fig. 3) did not have the germinal epithelium demarcated 
from the remaining gonadal tissue, and there was no development 
of characteristic ovarian structures . Brambell (1927) found in 
the mouse that differentiation of characteristic ovarian structures 
did not occur until some time after the differentiation of the 
Fraser (1919) reported that in!• vulpecula the young 
were first recognizable as males when the H.L. was 7.5 mm and as 
females at 8.0 mm. Sharman and Pilton (1964) reported that the 
pouch appeared at about 14 days (H.L. 15 mm) and the scrotum at 
17 to 20 days (H.L. 16-17 mm) in~. rufa. In Schoinobates the 
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PLATE 12 
Fig. 1. A section of the indifferent gonad of pouch 
young Number 68/4. Mag. 64X. 
Fig. 2. A section of the testis of pouch young 
Number 69/90. Mag. 64X. 
Fig. 3 . A section of the ovary of pouch young Number 
67/71. Mag. 64X. 
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scrotum was first recognizable in a young with a H0 L. of 11.1 mm, 
but may have been present some time before that, i 0 e. between 
10.0 and 11o0 mm, because these were the only young available in 
this range. In a female glider with a H.L. of 12.1 mm the pouch 
was easily distinguishable externally, and internally the ovary 
was an oval, flattened body 1.6 mm long. The uteri were 
beginning to form. In a male glider of H.L. 18.1 mm the scrotum 
was well formed and measured 2.9 x 2o1 mm (whole organ), the 
testis measured 1 .1 x 2.3 mm, and the epididymis and vas deferens 
were formed. 
The stage at which the pronephros was completely 
involuted was not determined. Buchanan and Fraser (1918) were 
unable to determine the posterior limit of the pronephros on 
account of the similar degeneration of the anterior mesonephric 
tubules. Inf. vulpecula the pronephros was completely 
degenerate in young with a H.L. of 7.25 mm. 
In a pouch young of 5.8 mm H.L. the mesonephros was 
3.3 mm long and the metanephros Oo7 mm long. The metanephros 
was situated on the medial surface of the mesonephros. The 
mesonephros in a f. vulpecula neonate of H.Lo 6.5 mm was 1.9 mm 
in length and remained that size up to a H.L. of 7.5 mm. In a 
Schoinobates young of 7.8 mm H.L. the mesonephros was the same 
size as in the one of 5.8 mm, but the metanephros (1.4 mm long) 
was now situated well anterior to the mesonephros. In a female 
young of 9.5 mm H.L. and a male of 11o1 mm H.L. the mesonephros 
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was reduced in size, measuring 2.0 to 2.5 mm. The metanephros 
of the male pouch young was now 2.5 mm and the female young 
1 • 8 mm. 
At this stage involution of the mesonephros and 
proliferation of the metanephric tissue become pronounced. 
Degeneration of the mesonephric tubules at the anterior end wa s 
described in!• vulpecula by Fraser (1919), and was first 
observed in a male of 8.0 mm H.L. The length of the mesonephros 
in a young of H.L. 8.5 mm was 1 .53 mm, but in a Schoinobates 
young of the same H.L. the length was 3.4 mm. Involution of the 
mesonephros was more marked in !o vulpecula males and females 
of HoL. 9 mm, the anterior portion having shrunk considerably, 
but no measurement was given of its length at this stage. 
These comparisons of the length of the mesonephros in 
Trichosurus and Schoinobates showed that the mesonephros of 
Schoinobates was almost twice as long as that found in Trichosurus, 
but that involution occurred when the pouch young were of 
approximately the same H.Lo (9.0-9.5 mm). The number of 
functional tubules in the glider mesonephros was not counted. 
In both Trichosurus and Schoinobates there was a period in which 
the length of the mesonephros remained constant after birth. 
Buchanan and Fraser (1918) reported that the mesonephros in 
Trichosurus attained its maximum size when the young had a G.L. 
of 10 mm, and that it was functional for some time after birth. 
The evidence from the study of the mesonephric-metanephric 
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relationships reported above suggests that a functional pattern 
similar to that found in Trichosurus exists in Schoinobates also. 
e) PERINATAL SEX RATIO 
There were 14 females, 16 males, and 19 animals which 
could not be sexed, in the perinatal sample. This result agrees 
with that found by Smith (1965, unpublished thesis material), 
i.e. there is a sex ratio of 1 :1. Caughley and Kean (1964) 
state that sex ratios favouring males are found among young 
eutherian mammals, but they could not find any reference to 
biased sex ratios in marsupials~/ Shield (1968) found in a 
except in their own samples which were not perinatal. Since 
they found no evidence of differential mortality they concluded 
that there would have been a similar disparity in the perinatal 
sex ratio, but this was not established by direct observation. 
perinatal sex ratio is in agreement with that found among other 
marsupials. 
f) DISCUSSION 
Gestation periods and, to a lesser extent, the size of 
the young at birth differ in different species, so comparisons of 
embryonic development are most meaningful when they are related 
to the sequence of differentiation of particular anatomical 
features . In the present work, however, comparisons of the 
embryology of Schoinobates with other Australian species was 
related to the linear measurement of the embryo, because the 
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relationships reported above suggests that a functional pattern 
similar to that found in Trichosurus exists in Schoinobates also. 
e) PERINATAL SEX RATIO 
There were 14 females, 16 males, and 19 animals which 
could not be sexed, in the perinatal sample. This result agrees 
with that found by Smith (1965, unpublished thesis material), 
i.e. there is a sex ratio of 1 :1. Caughley and Kean (1964) 
state that sex ratios favouring males are found among young 
eutherian mammals, but they could not find any reference to 
biased sex ratios in marsupials)/ Shield ( 1968) found in a 
sample of 204 pouch young of Setonix aged 40 days or less, that 
the masculinity was 0.,505, and Smith et al. (1969) reported that 
the sex ratio of 56 young of !o vulpecula (0-49 days of age) was 
not significantly different from 1 :1. Although the sex ratio 
of the older gliders is biased in favour of females, the 
perinatal sex ratio is in agreement with that found among other 
marsupials. 
f) DISCUSSION 
Gestation periods and, to a lesser extent, the size of 
the young at birth differ in different species, so comparisons of 
embryonic development are most meaningful when they are related 
to the sequence of differentiation of particular anatomical 
features . In the present work, however, comparisons of the 
embryology of Schoinobates with other Australian species was 
related to the linear measurement of the embryo, because the 
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development of various anatomical features in the other s pecies 
had usually not been recorded. The limited number of 
embryological stages of Schoinobates investigated showed that its 
in 
general sequence of development was roughly the same asADidelphis 
marsupialis virginiana and Trichosurus vulpecula, although there 
were appreciable differences in detail. As shown in Ta ble 8, 
it was possible to make a fair app roximation to the very numerous 
stages recognized by McCrady (1938) in Didelphis. 
!• vulpecula and f. peregrinus are the only Austra lian 
possums with which comparisons can be made. In the early 
trilaminar blastocysts the development of the mesoderm in 
Schoinobates appeared to be more advanced than in!• vulpecula, 
and the first mesodermal somites were formed when the blastocyst 
was smaller (4.4 mm diameter as against 7.5 mm). The formation 
of the amniotic folds occurred in a glider embryo of 2.2 mm G.L., 
when 10 somites were differentiated, and they were "discernible" 
in a f. peregrinus embryo of G.L. 5.4 mm (Sharman, 1961b). 
The allantois was differentiated in a glider embryo of 
Sharman G.L. 4o5 mm and in a!• vulpecula embryo of G.Lo 7o5 mm. 
(1961b) reported that the allantois of!• vulpecula developed 
comparatively late in the gestation period, and in neither 
!• vulpecula nor Schoinobates does it reach the size found in 
P s eudocheirus peregrinus. Schoinobates has yolk-sac (chorio-
vitelline) placentation in which the allantois does not reach the 
chorion, whereas in Phascolarctos the allantois does reach the 
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chorion and it has chorio-allantoic placentation (Hughes and 
McNally, 1968). In the glider the uterine mucosa in the region 
of the vascular omphalopleure exhibited a series of projections 
into the uterine lumen. Apposition of the vascular omphalopleure 
was closest at the tips of these projections and the foetal 
ectoderm cells were irregularly spaced, so that the foetal 
capillaries were closest to the maternal capillaries at these 
points. This is very similar to the condition found by Sharman 
(1961b) in Ro peregrinus and 1• vulpecula. 
The pronephric and mesonephric tubules were well formed 
in a glider embryo of G.L. 3.4 mm, and, from Buchanan and Fraser's 
(1918) description, they appeared to be at the same stage of 
development as in a 1• vulpecula embryo of G.L. 5.0 mm. The 
involution of the mesonephros and the development of the 
metanephros after birth followed similar patterns in the glider 
and T. vulpecula, although the mesonephros of the glider was 
larger than that of 1• vulpecula. The sizes of the mesonephros 
and metanephros of the youngest glider suggest that they both 
function for some time after birth, as they do in Trichosurus. 
The metanephros developed rapidly in the glider, and the 
mesonephros was completely involuted in a male young of 18.1 mm 
H.Lo 
The C.R.L. of the smallest glider was 14.6 mm, which is 
4.4 mm greater than the CoR.L. of the most advanced embryo. 
Some of this increase could be accounted for by completion of the 
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pontine flexure in the pouch young producing an increase in 
length that was apparent rather than real. Study of the actual 
specimens gave the impression that they were not as different a s 
their measurements suggested, so that it is likely that the pouch 
young was close to new born . The external morphological features 
of the smallest glider found in the pouch were similar to those 
recorded in the majority of ma rsupial neonates that have been 
described, and comparisons suggest that the neonatal young of 
Schoinobates should have about the same body weight as those of 
Trichosurus . 
The possible relationships between the degree of 
development and the size of the young at birth to the gestation 
period, the size of the allantois and the maternal weight have 
been discussed by Sharman (1965) and Tyndale-Biscoe (1968). 
Sharman considered that "throughout the marsupi~l series those 
species that hav~ in general, a short gestation period and give 
birth to very small young have a small allantois and those that 
have a longer gestation period and give birth to larger young 
have a larger allantois . The size of the allantois does not 
necessarily correlate wi th the type of placenta" . On the other 
hand Tyndale-Biscoe concluded that the length of the gestation 
period does not correlate "with the degree of development at 
birth or with the adult size of the species" and that "the 
neonatal size of all marsupials regardless of adult size is 
remarkably uniform" . The limited number of comparisons which 
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were made during this work indicate that much more detailed 
studies of embryological and postnatal development of marsupials 
need to be made before a decision can be reached between the two 
conflicting suggesti ons . There is stil l no embryological study 
of an Australian marsupial which can be compared with that of 
McCrady (1938) on~.~· virginiana, nor any study of a macropodid 
species on which much in these arguments rests. 
86. 
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APPENDIX A - SHOT ANIMALS 
Sex: M = males; F = females; ? = sex not di s c ernible 
Corpus luteum: +=present but not mea s ured; - = not present 
Pouch: S = small; M = medium; L = large 
Teats: S = both short; L = one lactating; E = one elongated 
(but not lactating) 
1-; i:: (I.) 
(I.) cd bO i:: bO POUCH YOUNG 
,.0 
·r-1 s ·r-1 s f/1 
s 1-; • 1-; • ;:j 
;:j bO cd .p (I.) .p ~~ bl) i:: . p- ~ .p ~ . 
.p 0 ;:j 0 E .p 
r-i ~ (I.) (I.) 
': @ E ~ cd r-i ;:j r-i ;:j 
...c:: f/1 s (I.) >, cd f/1 cd f/1 E (I.) C) .p . >, 
·r-1 .p >< "O .p f/1 .p f/1 cd .p ;:j cd >< H "O i:: cd (I.) 0 O•r-1 0 ·r-1 ·r-1 ;:j 0 (I.) (I.) . 0 
<t: A U1 ~ 8-P 8 .p A r-i P-1 8 w. :::r:: i:i:i 
67 /1 28/3 F 1050 36 59 
67/2 28/3 F 975 12 63 
67/3 28/3 F 875 1 3 34 
67/4 28/3 M 1250 
67/5 28/3 M 875 
67/6 28/3 M 1250 
67/7 28/3 F 1100 34 36 
67/8 28/3 M 650 
67/9 28/3 M 1175 
67 /10 28/3 F 1075 47 55 
67/11 18/4 F 1200 23 98 
67/12 18/4 F 1100 31 86 
67/13 18/4 F 1050 21 66 
67/14 18/4 M 1150 
67/15 18/4 F 1200 2.5 L 
67/16 18/4 M 1300 
67/17 18/4 F 1150 37 92 L 
67 /18 18/4 M 1175 
67/19 18/4 F 1200 54 86 M 
67/20 18/4 M 1150 
930 
1-i ~ (I) (I) cil bl) ~ bl) POUCH YOUNG .0 
·r-1 E ·r-1 E 1/l E 1-i • 1-i • ;:J ;:J bl) cil .p (I) .p Pi E bl) ~ . >;., .p :::: 1-i E . 
.p 0 ;:J 0 E .p 
.-I :::: (I) (I) ~ ~ E :::: cil .-I ;:J .-I ;:J 
..c:: 1/l E (I) >-, cil 1/l cil 1/l s (I) C) .p . >-, 
·r-1 .p >< rd .p 1/l .p 1/l cil .p ;:J cil >< ...:i rd ~ cil (I) 0 0 ·r-1 0 · r-1 ·r-1 ;:J 0 (I) (I) . 0 4! A U2 P::i E-l .p E-l .p A .-I P-t E-l U2 ::r:: P::i 
.... 
67/21 2/5 F 1000 12 75 s 
..... I 
67/22 2/5 M 750 
67 /2 3 2/5 F 1050 14 55 L 
67/24 2/5 F 1275 1 "9 
67/25 2/5 M 1150 
67/26 2/5 M 1200 
67/27 2/5 F 1200 459 2.,0 L E 
67/28 2/5 M 1150 
67/29 2/5 F 1150 52 70 s s 
67/30 9/5 F 1050 28 62 L E 
67 /31 9/5 M 750 
67/32 9/5 F 1375 40 141 L F 
67/33 9/5 F 1150 62 119 L s 
67/34 9/5 F 1075 462 2.5 s s 
67/35 9/5 F 1125 39 97 L s 
67/36 9/5 F 1150 49 81 M s 
67/37 9/5 M 1200 
67/38 9/5 F 1175 3o0 L s 
67/39 9/5 M 1150 
67/40 22/5 F 950 25 88 L E 
67 /41 22/5 F 1050 34 174 L F 11. 5 1.8 
67/42 22/5 F 1175 2.8 L s 
67/43 22/5 F 950 38 43 s s 
67/44 22/5 F 850 81 3o5 s s 
67/45 22/5 M 1125 
67/46 25/5 F 1250 65 303 E 
67/47 25/5 F 1025 43 79 1 ., 1 s 
67/48 25/5 M 900 
67/49 25/5 M 1075 
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POUCH YOUNG 
H i::: Cl) Cl) 
al bO q bO 
.D 
·r-1 s ·r-1 s 112 s H • H • ;:j ;:j bO al ..p Cl)+' 
~§ bO q . I> :;;,: +' :;;,: . 
+' 0 ;:j 0 s +' r-1 :;;,: Cl) Cl) 
<: 3 s :;;,: al r-1 ;:j r-1 ;:j ...q 112 s Cl) >:, al 112 al 112 s Cl) C) +' . >:, 
·r-1 +' :,<: rd +' 112 +' en al +' ;:j al :,<: i--::1 rd q al Cl) 0 0 ·r-1 0 ·r-1 ·r-1 ;:j 0 Cl) Cl) . 0 ~ A U)_ i:Q E-l ..p E-; ..p A r-1 P-i E-; U)_ ::i:: i:Q _ ... 
67/50 25/5 M 1100 
67/51 25/5 F 1050 14 57 s 
67/52 25/5 F 1150 65 137 s s 
67/53 25/5 F 975 36 84 s 
67/56 25/5 F 625 1 1 44 
67/57 25/5 F 1100 49 72 s s 
67/58 25/5 M 1100 
67/59 25/5 F 1225 104 435 1.8 L E 
67/60 25/5 F 725 6 31 s s 
67/61 29/5 M 1100 
67/62 29/5 M 900 
67/63 29/5 M 1200 
67/64 29/5 M 775 
67/65 29/5 M 700 
67/66 29/5 M 1100 
67/67 29/5 F 1125 74 11 5 L L M 16.3 4.3 
67/68 29/5 F 1225 46 452 s s 
67/69 29/5 M 775 
67/70 29/5 F 975 49 103 s s 
67/71 29/5 F 1150 55 278 L L F 9.3 1o0 
67/72 29/5 M 1125 
67/73 29/5 F 1100 36 101 s s 
67/74 29/5 M 825 
67/75 29/5 F 1000 59 197 L F 10.4 1.14 
67/76 1/6 F 1150 17 117 L L M 14. 8 3.0 
67/77 1/6 M 1150 
67/78 1/6 M 1025 
67/79 1/6 M 700 
67/80 1 /6 F 725 6 25 s s 
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..0 
·ri E ·ri E U2 E i-i • i-i • ;::i ;::i bO ro +=> Cl) -P 
~§ bO ~ . > ::: -P ::: Q 
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67/81 1/6 M 1200 
67/82 1/6 F 1125 75 434 L L F 8.7 
67/84 1/6 M 600 
67/85 1/6 M 1075 
67/87 6/6 F 1050 47 102 M E 
67/88 6/6 M 1100 
67/89 6/6 F 1050 59 117 L E 
67/90 6/6 F 750 18 42 s s 
67/91 6/6 F 1075 35 96 M E 
67/92 6/6 F 1000 45 77 s s 
67/93 6/6 F 1075 50 70 s s 
67/94 6/6 M 575 
67/95 6/6 F 1150 32 190 L L F 800 
67/96 16/6 M 1100 
67/98 16/6 F 800 11 30 s s 
67/99 16/6 M 1100 
67 /100 16/6 F 1150 37 66 L s 
67/101 16/6 F 1125 44 109 s s 
67/102 16/6 F 1050 3o1 L s 
67/103 16/6 M 1050 
67/104 16/6 F 1100 54 60 s E 
67 /105 16/6 F 1150 56 154 L L F 10.0 1o2 
67/106 16/6 F 1225 48 51 M E 
67/107 16/6 M 1050 
67/108 27/6 M 1200 
Appendix A (continued) 96. 
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.p 0 ~ 0 (]) r-1 s 
-P r-1 ;;:: (]) (]) ~ s .p bl) s ;;:: cd r-1 ~ r-1 ~ 
..c: (/2 s (]) I>-, cd U2 cd U2 s (]) s:: bl) r-1 bO C) 
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... 
68/1 1/5 F 1175 107 537 3.3 s s 
68/2 1/5 F 950 63 143 s s 
68/3 1/5 M 1150 0.83 
68/4 1 /5 F 1125 101 1028 2.2 L L 6.0 0.27 
68/5 1 /5 F 800 22 8 s s 
68/6 2/5 F 1100 101 912 3.2 M s 
68/7 2/5 F 1050 128 507 405 s 
68/8 2/5 M 1050 1 001 
68/9 2/5 F 800 1 3 1 3 s s 
68/10 2/5 F 925 51 406 s s 
68/11 2/5 F 1175 97 801 3o2 M s 
68/12 6/5 M 1025 0. 71 3.92 
68/13 6/5 F 1075 81 326 1.27*S s 
68/14 6/5 M• 925 0.77 3.30 
68/15 6/5 F 1050 29 53 1 .19* 
68/16 6/5 F 1275 33 185 1.2 1 • 71 L L F 10.5 L 75 
68/17 6/5 F 1350 73 487 2o0 2 .10 L L 6.0 0.38 
68/18 6/5 F 1075 86 923 3.3 0.90 L E 
68/19 6/5 F 1250 47 138 1.0 1o 21 L L M 11 • 2 1.83 
68/20 6/5 F 1050 43 168 1o2 2.09 L L F 9.6 1.24 
68/21 7/5 F 1250 44 127 1 • 0 1.85 L L M 11 • 1 1. 72 
68/22 13/5 F 950 7 20 o. 31 s s 
68/23 13/5 F 1150 1 32 884 2o9 1.52 L s 
68/24 13/5 F 1000 8 41 Oo71 s s 
68/25 13/5 F 1100 98 756 2 05 1. 45 L s 
68/26 13/5 M 1275 0.76 3.67 
68/27 13/5 F 800 3 1 1 Oo25 s s 
68/28 13/5 F 1300 80 1320 L5 2.06 M s 
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68/29 13/5 M 950 0.68 2. 1 6 
68/30 13/5 F 600 2 9 Oo30 S s 
68/31 13/5 F 1250 74 127 0.9 2.04 L L M 12.4 2.48 
68/32 13/5 F 1250 46 102 0.5 1. 82 L L M 14. 1 3.29 
68/33 13/5 M 1225 Oo96 3.74 
68/34 13/5 F 750 2 3 0.22 S s 
68/35 13/5 F 975 81 521 3.3 1.00 L L 5.8 0.33 
68/36 13/5 M 700 0.03 0.57 
68/37 13/5 F 1100 52 115 Oo79 M E 
68/38 13/5 F 700 8 12 0.10 S s 
68/39 20/5 F 1125 279 Oo91 L E 6.6 0.35 
68/40 20/5 F 1100 66 79 0.8 2.32 L L M 15.3 3.93 
68/41 20/5 F 1150 58 116 0.5 2.07 L L M 1 3. 6 3o20 
68/42 20/5 M 11 50 0.68 4o76 
68/43 20/5 F 1175 58 456 1.8 2 .13 L L 6.7 0.40 
68/44 20/5 F 1200 22 197 1o5 1. 66 L L F 10.3 1.06 
68/45 20/5 F 1200 64 137 0.8 1.20 L L M 13.4 3.00 
68/46 20/5 M 1025 0.88 2.03 
68/47 20/5 M 1075 0.71 4.63 
68/48 20/5 F 1150 72 321 2.0 1.96 L L 7.2 0.52 
68/49 20/5 F 1150 73 303 2. 1 1 .19 M L 608 o. 42 
68/50 20/5 M 1300 1.40 3.97 
68/51 20/5 M 550 0.03 0.20 
68/52 20/5 F 1350 102 498 1.9 1. 35 L 
68/53 20/5 M 1100 O. 81 2.90 
68/54 20/5 F 1325 73 143 1.4 2 .14 L L F 9o7 1o 31 
68/55 21/5 F 1250 24 60 006 1.52 L L M 15.8 4.23 
68/56 21/5 F 1200 72 807 3.5 0.83 M s 
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68/57 21/5 F 1075 117 210 2.0 1. 30 L s 
68/58 21/5 F 1175 73 270 1., 8 1. 96 L L 7.8 o. 71 
68/59 21/5 F 1200 64 379 2.3 1. 66 L L 600 0.38 
68/60 21/5 M 625 0.03 0.40 
68/61 21/5 F 1250 33 93 0.4 2. 31 L L M 16. 2 4o37 
68/62 31/5 M 1100 0086 3 .. 77 
68/63 31/5 F 1575 34 124 1 • 1 3o07 L L F 11 • 2 1.82 
68/64 31/5 F 1025 107 684 2.9 1.25 M s 
68/65 31/5 F 1350 57 127 o .. 5 1 .42 L L M 18. 1 6.47 
68/66 31/5 M 1050 o.89 3.26* 
68/67 31/5 F 1150 45 147 1.,9 2o13 L L M 12.5 2. 19 
68/68 31/5 M 875 Oo06 0.42 
68/69 31/5 F 900 10 7 0 .. 46 s s 
68/70 31/5 F 950 26 25 1.,16 s s 
68/71 2/6 M 1325 0.63 2.51 
68/72 19/6 M 1100 0.72 3.81 
68/73 19/6 F 975 11 24 2.09 M s 
68/74 19/6 M 1050 Oo40 4.28 
68/75 19/6 M 800 0 .16 0 .. 25 
68/76 19/6 F 1225 48 98 0.5 2.30 
68/77 19/6 F 1100 46 112 0 .. 4 L 56 L L F 15.8 3.99 
68/78 19/6 M 875 0.06 0., 41 
68/79 19/6 M 1150 0.14 2.70 
*damaged 
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H 
(l) 
..0 f/J s rrj 
;:::l bO ,::I 
,::I . cd 
~ r-1 
r-1 ~ bO 
cd bO ...c:: f/J s (l) >-, r-1 • C) .p 
·r-1 ~ >< rrj cd .p ;:::l cd 
,::I cd (l) 0 ,::I~ 0 (l) ~ A C/2 i::Q ~ P-t E-i 
68/200 25/11 M 1050 3.95 
68/201 25/11 M 900 3.06 
68/202 25/11 F 1025 2.94 s s 
68/203 25/11 M 1050 3.75 
68/204 26/11 F 1100 4.63 s s 
68/205 26/11 F 1325 2o04 L L 
68/206 26/11 M 1075 3o63 
68/207 25/11 F 1125 2.73 L L 
68/209 26/11 F 1200 2 0 81 L L 
68/210 26/11 F 1300 1.42 L L 
68/211 26/11 M 950 3.28 
68/212 26/11 F 950 2o37 s s 
68/2J3 26/11 F 1400 3 .1 3 L L 
68/215 26/11 M 1075 4o49 
68/216 26/11 F 1125 2o24* L L 
68 /21 7 26/11 F 1150 L05 L L 
68/218 26/11 F 1300 2.94 L L 
68/220 26/11 F 1050 4.78 s s 
68/221 26/11 F 1125 2o16 L L 
68/222 26/11 F 1225 2.70 L L 
68/224 26/11 M 1225 5.83 
68/225 26/11 M 1150 6.82 
68/226 26/11 F 975 2.53 s s 
68/227 26/11 F 1100 5o12 s s 
68/228 26/11 F 1300 2.62 L L 
68/229 26/11 M 1050 4.92 
1 oo. 
1-i 
(I) 
..0 U2 ~ rrj bO ~ ~ . aj 
.p r-i 
r-i '> bO bO .... 
aj . 
..c: U2 s (I) :>, r-i ..p C) .p 
·r! .p >< rrj aj :;: ;::i aj ~ aj (I) 0 ~ 0 (I) 
<t: A w. i:Q <t: P-t 8 
68/230 26/11 F 1200 4.77 M s 
68/231 27/11 M 1050 1.25 
68/232 27/11 F 1050 3o09 M s 
68/233 27 /11 F 1250 2.10 L L 
68/234 26/11 F 1325 1.28 L L 
68/235 27 /11 M 1250 4.80 
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69/1 28/4 M 1125 130 1 
69/2 28/4 M 1200 11. 5 
69/3 28/4 F 775 6 46 s s 
69/4 28/4 M 1175 11 0 1 
69/5 28/4 M 860 5.5 
69/6 28/4 F 975 33 68 s s 
69/7 28/4 M 900 4o9 
69/8 28/4 F 1125 33 469 1. 7 s s 
69/9 28/4 M 1125 10.4 
69/10 28/4 F 1400 88 330 L L ? 7o9 0.66 
69/11 28/4 F 725 30 27 + s s 
69/12 28/4 M 1200 1L8 
69/13 28/4 F 1350 11 3 231 + L L M 11 • 2 1 0 65 
69/14 28/4 M 650 3o3 
69/15 28/4 F 1175 85 83 s E 
69/16 30/4 F 1150 89 2043 + s s 
69/17 30/4 M 1200 10.2 
69/18 30/4 M 1075 10. 0 
69/19 30/4 M 1100 11 . 0 
69/20 30/4 F 1025 46 512 0.29 M E 
69/21 30/4 F 1150 52 57 
-
L s 
69/22 30/4 M 900 10o0 
69/23 30/4 F 1200 108 376 + L L ? 7o5 o.57 
69/24 30/4 M 1100 10.8 
69/25 30/4 F 1300 98 545 2.5 M s 
69/26 30/4 M 1000 10.4 
69/27 30/4 F 1150 106 2189 + M s 
69/28 30/4 F 1425 77 257 + L L M 8.5 0.76 
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69/29 30/4 F 1225 129 1399 3.3 L s 
69/30 30/4 F 1200 112 3252 + M E 
69/31 30/4 F 950 23 64 s s 
69/50 28/4 F 1125 67 322 + L L ? 8.2 0. 71 
69/51 28/4 F 1100 47 185 M s 
69/52 28/4 F 1225 53 264 + L L F 906 1.06 
69/53 28/4 F 1200 87 604 3.0 L E 
69/54 28/4 M 1100 10.0 
69/55 28/4 F 1200 164 3101 + L E 
69/56 28/4 M 1075 10.7 
69/57 28/4 M 1000 1006 
69/58 28/4 F 1075 78 1819 + s s 
69/59 28/4 M 1175 1 Oo 1 
69/60 28/4 M 1150 1206 
69/61 28/4 M 1075 10.3 
69/62 28/4 F 1125 26 67 s s 
69/63 28/4 M 775 3.5 
69/64 28/4 F 1250 85 311 5 L E 
69/65 28/4 F 1225 62 503 1o4 L s 
69/66 28/4 M 600 3.,0 
69/67 28/4 F 1200 40 100 
-
L E 
69/68 28/4 F 1050 41 171 + L L F 9 0 5 1 • 06 
69/69 28/4 F 1200 56 89 
-
L E 
69/70 28/4 M 600 2o9 
69/71 28/4 M 1250 1 o. 6 
69/72 28/4 F 1150 117 2488 + L E 
69/73 28/4 F 825 34 46 s s 
69/74 28/4 F 1200 72 873 + L s 
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69/75 28/4 F 1200 98 559 + L L ? 5.8 0.30 
69/76 28/4 F 1150 93 533 + L L ? 7.3 0.29 
69/77 30/4 M 1225 11. 6 
69/78 30/4 F 1300 127 597 2.4 L s 
69/79 30/4 F 1150 95 1101 + L L ? 5.5 0.27 
69/80 30/4 F 1050 79 204 + L L M 1 OoO 0.90 
69/81 30/4 F 800 41 60 s s 
69/82 30/4 M 1075 1 Oo 5 
69/83 30/4 M 1125 10.9 
69/84 30/4 F 1100 58 342 + L L ? 8.3 0.63 
69/85 30/4 M 1150 1 L 5 
69/86 30/4 F 1050 100 1428 + L s 
69/87 30/4 M 1025 10 0 5 
69/88 30/4 F 1275 76 350 + L L ? 7.8 o.58 
69/89 30/4 M 1075 11., 5 
69/90 30/4 F 1100 50 233 + L L M 9.2 0.97 
69/91 30/4 M 1100 11.0 
69/92 30/4 F 1200 101 2241 + L E 
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z ·r-1 s 
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ro r-i ...::l 
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·r-1 
...::l ...::l o:l 
~ ..c:: • . . Remarks 
Cl). c.':, :::q () 
67/15 0.40 Viability doubtful 
67/24 Oo47 
67/34 Blastocyst in araldite ( unsectionea) 
67/38 3.4 
67/44 3.2 
67 /102 4.4 
68/1 o.5 
68/6 406 
68/18 1o5 
68/23 Blastocyst damaged (unmeasurable) 
68/25 Blastocyst damaged(unmeasurable) 
68/28 Blas to cyst damaged (unmea surable) 
68/56 3 .. 4 
69/16 2 .. 2 
69/20 Oo3 
69/27 4. 5 
69/30 4.5 10o2 
69/55 3.8 7.8 
69/58 Stage 23; damaged(unmeasurable) 
69/64 5.9 
69/72 2.4 6.0 
69/74 0.24 
69/86 2 .1 
69/92 5.0 
